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HYPERMAGNESEMIA WITHOUT CLINICAL SYMPTOMS IN 
DAIRY CATTLE 


M. W. EVELETH, D. F. EVELETH anv F. E. WALSH 
Veterinary Research Institute and Department of Veterinary Obstetrics, 
Iowa State College, Ames, Iowa 


There are numerous reports in the literature dealing with hypomag- 
nesemia in cattle. Most of the data on blood magnesium have been obtained 
in studying the metabolic upsets associated with certain types of malnutri- 
tion, parturition and deficiency diseases. 

Dunean, Lightfoot and Huffman (1) have established 2.414 mg. per cent 
as the average for the Mg content of the plasma of dairy calves. The range 
of values encountered by these workers was 1.62-3.83 mg. per cent. The data 
show a slight increase in plasma magnesium in the older animals. Duncan 
and Huffman (2) found that during the period of from November through 
April there was very little change in the mean value but that during May 
and June there was a rapid decline. From July to November these authors 
found a steady increase in the plasma magnesium. Hayden (3) did not find 
significant variations in the serum Mg in a series of milk fever cases. 

The early work on the hypomagnesemia of cattle has been recently re- 
viewed by Alleroft and Green (4) in their report on the seasonal trends of 
the serum magnesium of a herd of Hereford cows maintained on pasture 
throughout the year. The data of these investigations show a definite peak 
for the serum in August while the lowest average value was found in 
December. 

It is the purpose of this report to furnish evidence of a variation in the 
serum magnesium of a herd of Jersey cattle subjected to the influence of 
drought conditions. 

EXPERIMENTAL 


The animals used in obtaining the data on which this report is based 
were all pure bred Jersey cattle. This herd was maintained for the commer- 
cial production of milk. Periodic examinations were made for disease con- 
trol and for procuring the blood samples. The animals were adequately fed 
for milk production. All blood samples were obtained by venous puncture. 
The blood was then transported to the laboratory and the serum separated 
from the clot by centrifugation. A 1:5 dilution of the serum was made, 
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mixing 1 volume of serum with 2 volumes of distilled water and then adding 
2 volumes of a 20 per cent solution of trichloroacetic acid. The proteins were 
removed by filtering through Whatman No. 42 paper. This filtrate is satis- 
factory for the determination of inorganic phosphate, acid soluble phos- 
phorus, and the mineral bases. Inorganic phosphate was determined by a 
modification of the Fiske and Subbarow method (5). The calcium was de- 
termined by precipitating the calcium as the oxalate from 10 ml. of the pro- 
tein free filtrate at a pH of approximately 6.0. This was accomplished by 
use of an ammonium hydroxide—ammonium oxalate mixture, 2 ml. of which 
just neutralized 10 ml. of the serum filtrate when methyl red was used as the 
indicator. The calcium oxalate was then washed and titrated with potassium 
permanganate. 

Ten mi. of the calcium free filtrate corresponding to 1.66 ml. of serum 
were used for the determination of the magnesium. The data for 1934 were 
obtained by use of the Greenberg and Mackey (6) method while those of 
1936 were obtained by the magnesium ammonium phosphate method de- 
scribed below. The magnesium ammonium phosphate was precipitated by 
adding 0.5 ml. of 10 per cent ammonium phosphate solution and 2 ml. of 
concentrated ammonium hydroxide to 10 ml. of the Ca free filtrate in a 15 
ml. centrifuge tube. The tube was then stoppered and vigorously shaken. 
After a few minutes the stopper was removed to allow any fluid to run back 
into the tube and the tube again stoppered and left for 24 hours. The pre- 
cipitate was then centrifuged down and the supernatent fluid discarded 
after which the tube was allowed to drain. The precipitate was then washed 
with 3 ml. of a 1:2 dilution of ammonium hydroxide. After the second cen- 
trifugation the tube was drained dry and the top wiped with a clean cloth. 
The phosphorus was then determined and the magnesium calculated from 
the phosphorus value. This method was checked against standard solutions 
of magnesium and compared with the Greenberg and Mackey method on 
blood filtrates with satisfactory results. 


RESULTS 
In table 1 are given the calcium, magnesium and inorganic phosphate 
averages for data obtained in 1934 and 1936. 


TABLE 1 


Calcium, magnesium and inorganic P of cattle serum 


, Mg. per cent Mg. per cent Mg. per cent 
No. animals Ca Mg Inorganic P 
Jan, 1934 z 6 9.54 3.12 5.11 
Aug. 1934 34 11.14 4.33 7.53 
Sept. 1934 .. 59 10.12 3.18 5.84 
Jan. 1936 97 11.71 2.86 6.02 
April 1936 99 10.31 2.81 7.10 
July 1936 59 10.16 3.37 


Sept. 1936 110 9.34 2.90 6.50 
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These data show a definite increase in the summer values for the serum 
magnesium but offer no possible explanation. To rule out effects of age and 


TABLE 2 


Seasonal changes in serum magnesium of individual animals 


January April July September 


= Mg. | Mos. | Mg. Mos. | Mg. | Mos. | Mg. Mos. 
= Per Preg- | Per Preg- Per Preg- Per | Preg- 
/ cent | nant | cent nant cent | nant eent | nant 
1 2.55 | 0 2.78 1 3.63 4 275 | 6 
! 2 2.77 0 3.56 0 3.63 0 2.7 1 
3 292 | 7 3.21 0 3.41 0 2.81 0 
4 281 | 9 2.86 0 3.97 2 3.24 4 
5 342 | oO | 218 1 4.04 4 3.23 6 
6 3.03 | 3 | 3.39 6 3.38 9 3.07 0 
7 233 | 2 | 307 5 3.85 8 3.25 0 
8 2.72 2 | 3.39 5 4.17 8 2.83 0 
9....| 294 | 0 2.65 3 3.27 6 2.91 8 
| 8s | 271 0 3.85 0 2.86 2 
i 11 .. 2.60 0 2.73 2 4.10 5 2.84 7 
12 .. 2.65 8 2.59 0 403 | 2 2.94 4 
13 309 | Oo 2.85 2 3.73 | 5 2.76 7 
' 14 315 | 9g 2.92 0 3.70 2 2.91 4 
15 292 | 3 3.60 6 5.41 9 3.11 0 
16 3.71 1 2.85 4 442 | 7 3.03 9 
17 2.47 | 3 | 3.36 6 | 376 | 0 2.74 0 
ta 2.79 | 0 3.11 3 | 4.04 6 3.11 8 
19 243 | 1 | 3.01 4 4.42 7 3.12 0 
20 236 | 6 2.68 9 408 | 0 2.46 1 
2 2.53 3 3.02 6 3.13 0 2.92 0 
22 2.80 1 1.84 4 3.89 7 3.63 9 
23 2.69 0 2.92 0 4.06 | 0 2.73 0 
2 2.58 4 | 271 7 428 , 9 2.39 0 
25 2.31 5 | 2.84 8 321 | 0 2.69 0 
a 2.55 6 | 2.66 0 341 | 0 3.01 0 
27 2.67 8 | 275 0 3.95 2 3.19 4 
28 2.58 8 | 273 0 368 | 2 2.43 4 
29 2.30 8 | 3.21 0 3.95 2 2.64 4 
>... 2.91 9 3.08 0 3.59 2 2.84 4 
31 2.63 9 | 5.36 0 3.99 3 3.00 5 
32 2.82 9 2.86 0 3.97 3 2.88 5 
8 2.86 0 2.92 0 3.93 3 2.85 5 
34 2.58 0 3.04 0 4.85 2 2.88 4 
35 3.01 0 3.27 0 3.78 2 2.92 4 
36 2.95 4 2.75 7 4.22 0 3.09 0 
37 3.30 0 2.88 0 3.91 3 2.86 5 
ae 2.96 0 3.08 0 5.78 2 2.81 4 
39 ....... 3.06 0 2.18 3 6.00 6 3.24 8 
| 40 .. 3.00 5 2.98 8 3.57 0 3.13 0 
| 41 ... 3.13 9 2.92 0 3.77 3 2.95 5 
42 .. 3.21 0 3.18 2 3.95 5 3.13 7 
| 43. 3.05 2 3.28 5 3.85 8 3.05 0 
44 .. 2.49 0 2.81 0 4.92 1 2.38 3 
45... 2.76 3 2.23 6 4.00 0 3.00 0 
46 .. 2.60 0 3.09 3 3.73 6 2.87 8 
47 ... 2.77 0 2.86 0 4.17 3 2.75 5 
48 ... 2.76 0 2.78 4 4.10 7 2.66 9 


| | 
| Av. 2.81 | | 2.95 | 4,01 | 2.91 
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gestation the serum Mg of 48 individual mature cows are shown in table 2. 
The magnesium value for the calendar month and the month of gestation, are 
shown in this table. Here the July value is much higher than any of the 
other three months. 


DISCUSSION 


The lack of any definite symptoms being associated with the hypermag- 
nesemia does not suggest that the temporary high serum magnesium exerts 
a deleterious effect on the animal. No subsequent data have been obtained 
on the blood chemistry of these animals as a group but control data obtained 
on animals maintained at the Institute show that as long as the animals are 
eating fresh green grass this degree of hypermagnesemia does not develop. 
During the August 1934 period the grass was extremely dry and sparse. 
There were rains in August and September and fresh grass grew which the 
animals were grazing at the time the September samples were taken. 

In 1936 the pastures were growing in September while they were very dry 
in July. Dry feed alone does not produce hypermagnesemia as cattle have 
been kept stabled and fed oats and alfalfa hay for long periods without caus- 
ing an appreciable rise in the serum magnesium. Other herds have shown 
similar tendencies for wide variations in the serum magnesium from month 
to month. 

A few preliminary experiments have been conducted to determine the 
effect of some salts on the serum magnesium of cattle and swine. In general, 
it has been found that sodium bicarbonate is very effective in raising the level 
of the serum magnesium. This may be a contributing factor in periods of 
drought when the feed is low in chlorides and phosphates. Just what the 
effect of a prolonged period of hypermagnesemia would be is problematical. 
The data in table 1 indicate that in these cases the calcium and magnesium 
in the serum varied independently of each other. Blood serum obtained from 
eattle in a moribund condition usually has both high calcium and high mag- 
nesium content. This appears to be an attempt on the part of the animal to 
compensate for an acidosis. 

An interpretation of the significance of variations in the level of serum 
magnesium is impossible at this time. The association of tetany with hypo- 
magnesemia is frequent. As far as could be observed the animals used in 
this study were normal. Information obtained in this investigation and data 
from other herds suggest that the level of magnesium in the blood stream is 
influenced by a large number of factors, most of which are of dietary origin. 


SUMMARY 


An increase in the level of the serum magnesium of dairy cattle has been 
found which is apparently due to drought conditions affecting the pasture. 

There appear to be no clinical symptoms associated with a temporary 
hypermagnesemia in cattle. 
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COMPARATIVE PHYSIOLOGICAL RESPONSES OF DAIRY 
CALVES FED RATIONS HAVING DIFFERENT 
LEVELS OF MILK PROTEINS* 


G. H. WISE,2 W. E. PETERSEN anp T. W. GULLICKSON 
Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


The early recognition of the failure of milk alone to support life, promote 
growth and foster other normal physiological functions in calves evoked 
many theories and stimulated much investigation. Although there is con- 
siderable established information on the subject, much pertaining to the 
inadequacy of milk for calves remains in the controversial stage. Foremost 
in this field of theory, as previously discussed (19), is the etiology of dis- 
turbed mineral metabolism of milk fed calves. Sjollema (15) postulated 
that this anomaly is one of the symptoms of toxemia resulting from the con- 
sumption of excessive amounts of milk protein. The work reported herein 
was designed primarily to compare the responses of calves fed excessive 
amounts of milk proteins with reactions of other calves fed rations of normal 
nutritive ratio. 

EXPERIMENTAL 


The experimental subjects and their grouping are indicated in table 1. 
The calves were paired, and subsequently one of a pair was allotted to each 
of the major groups, A and B. In this way it was possible to include the 
best and the poorest as well as the average in each group. 

All calves received a basic ration of whole milk. The nutritive ratio of 
the ration of group A (control) was widened normally as specified in feed- 
ing standards (4), table 2. This was accomplished by feeding whole milk 
in adequate amounts to provide the prescribed amount of protein and by 
supplementing with sugar (glucose) in quantities sufficient to raise the total 
digestible nutrients to the required standard level. On the contrary, the 
nutritive ratio of the ration fed to group B was narrowed as the calves 
increased in weight. Milk was fed on the same quantitative basis as to 
group A, but the additional energy needed was provided by supplementing 
with commercial casein instead of glucose. Thus calves of both groups 
received the same amount of milk and approximately the same amount of 
total digestible nutrients per unit of body weight, but consumed decidedly 
different amounts of protein. 

All calves received additional vitamins and minerals. The supplements 
added and the age of the calf when they were first introduced into the 
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TABLE 2 


Standard for daily amounts of protein, total digestible nutrients 
and mineral supplements 


Body | Digestible Amounts of mineral supplements 


weight protein 


Nutrients Nutritive 
total ratio 


j 


| 
| 


Tron | Copper | Magnesium 
lbs. Ibs. lbs. mgs. mgs. | gms, 
100 0.30 1.50 4.00 300 30 1.244 
200 0.56 3.66 5.60 500 50 2.488 
300 0.74 5.27 6.18 700 70 3.732 
400 0.86 6.53 6.55 900 90 | 4.976 
500 0.95 7.36 6.75 1050 105 6.22C 


600 1.00 7.90 6.90 1150 115 7.464 


dietary regimen are shown in table 1. The quantitative basis of the daily 
mineral supplementation is indicated in table 2, the mineral data of which 
are based on previous observations (5, 19). 

As indicated in table 1, several mineral supplements were omitted from 
the rations of calves in subgroups A-2 and B-2. All supplementary 
minerals and vitamins were withheld from the calf in subgroup B-3 until 
convulsions supervened. The purpose of these omissions was to determine 
the extent to which the absence of the supplements would accelerate the 
development of deficiency symptoms. 

The organic supplements, glucose, honey and casein, were given at the 
evening feeding. The glucose was dissolved in warm milk, which combina- 
tion was consumed readily. Feeding the casein involved somewhat greater 
difficulty, which increased as the calves grew older and received greater 
amounts of the supplement. 

Care and ‘management were as previously reported (19, 20). Blood 
samples were drawn bi-weekly and analyzed according to procedures al- 
ready indicated (20). In addition, total nitrogen and non-protein nitrogen 
(nitrogen in trichloracetic acid filtrates) of the plasma were determined 
by the semi-micro Kjeldahl method of Cavett (3). 


EXPERIMENTAL RESULTS 


The observations may be arbitrarily classified and considered under the 
topies of food consumption, growth, blood composition, health and autopsy. 

Food consumption—The appetites of all the subjects were erratic from 
time to time. This was especially true of the calves receiving casein, which 
was somewhat unpalatable. The periodic intake of total nutrients, though 
variable for individuals, was essentially the same for the two groups as a 
whole. The intake of calcium, phosphorus and magnesium was slightly 
greater in group B than in group A due to the small amounts of these 
minerals in the casein. In addition to the prescribed dietary constituents 
the calves consumed foreign material including wood shavings, hair, gravel 
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and cinders. There was no marked difference in the nature and the 
magnitude of the depraved appetites. 

Rate of growth—Considering the groups as a whole the difference in rate 
of growth was not marked. However, a study of the animals in pairs, as 
shown in figure 1, indicates with only one exception, E—252, that the casein- 


BOL" WEIGHT IN POUNDS 


46245 E-248E-249 E-25) E-252 E-257 E-25 


AGE INTERVAL IN 40 Day PEROOS 


Fig. 1. Growth rate of individual calves. 


fed calves grew at a rate either equal to or greater than the sugar-fed 
calves. 

Composition of blood—As shown in figures 2 through 6, the most pro- 
nounced and the only significant difference observed in the composition of 
the blood of the two groups was in the nitrogeneous constituents of the 
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Fig. 3. Changes in composition of blood of calves, E-248 and E-249. 
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Fig. 4. Changes in composition of blood of calves, E-251, E-252, E-254 and E-257. 


plasma. Both the non-protein nitrogen and the protein nitrogen (difference 
between the total nitrogen and the non-protein nitrogen) were higher and 
more variable in the casein fed calves than in the sugar fed calves. 

Sugar of the blood was essentially the same for both groups. In accord 
with previous observations (19, 20) the values were relatively high. 

The plasma fat was not strikingly different in the two groups. Yet a 
comparison in the last periods of the experiment shows that the trends of 
the plasma fat tended to diverge slightly due primarily to the decrease of 
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AGE_IN Days 


Fig. 5. Changes in composition of blood of calves, E-250 and E-253. 
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the level in group B and the maintenance or slight increase in the level 
of group A. Concordant with previous results (19, 20), modifications of 
the fat intake were manifested in variations of the plasma fat. However, 
the change of plasma fat was not always commensurate with the alteration 
of the quantity ingested. 

There were no marked differences in the hemoglobin levels of groups A 
and B. As indicated in figure 5, honey apparently had sufficient minerals 
to maintain the hemoglobin well above the anemic level. The values in all 
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ealves were rather variable especially during the summer when the tem- 
perature was high. Whether or not the amount of water consumed played 
an important role in the hemoglobin concentration is a matter of speculation. 

Calcium, inorganic phosphorus and magnesium of the plasma revealed 
no significant differences in the corresponding subgroups of the two major 
groups. Excluding group B-3 the calcium and the inorganic phosphorus 
were within the normal range for all subjects except E-252, in which calf 
the inorganic phosphorus attained an abnormally high level in the last 
stages of life. 

The plasma magnesium remained at a relatively uniform high level for 
all calves receiving the supplemental magnesium carbonate ; whereas E-250 
and E-253 (figure 5) receiving no magnesium supplement revealed definite 
downward trends during the early spring but very little change during the 
summer. Two younger calves, E-255 and E-260 (figure 6) started in the 
spring, maintained a relatively high level throughout the summer in spite 
of the absence of supplemental magnesium. However, in early fall there 
was a downward trend in both calves and one of these, E-260, later died in 
the throes of a violent tonic-clonic convulsion, which was accompanied by 
hypomagnesemia. 

The changes in the composition of the blood of E-246 (figure 6), the 
only animal assigned to group B-3, merits individual consideration. Be- 
fore casein was introduced into the ration, both calcium and magnesium 
showed a marked downward trend, which subsequently was not perceptibly 
altered by additional milk protein. The reduction continued until the 
onset of tetany, which was alleviated when the levels of calcium and 
magnesium were raised, respectively, by feeding cod liver oil and magnesium 
carbonate. After the restoration of plasma calcium and magnesium to the 
normal level, magnesium carbonate was withheld and copper and iron in- 
troduced to ascertain whether or not their presence would aid in the 
maintenance of the magnesium level. The resulting marked drop in the 
magnesium and the slight rise in hemoglobin precluded further investiga- 
tion in this direction. The reintroduction of magnesium carbonate was 
followed by another rise in the plasma magnesium. 

There were several changes in the composition of plasma of E-246 
definitely associated with the introduction of casein into the ration, which 
dietary change also involved a reduction in the amount of milk fed. A 
decrease in the fat and an increase in the nitrogenous constituents followed. 
Nitrogen continued to rise until the consumption of casein decreased, 
resulting finally in total refusal of this supplement. 

Health and general well-being—The general appearance as manifested in 
type and in state of flesh was essentially the same for both groups. In 
contrast, the calves receiving the high protein rations maintained a sleeker, 
smoother coat but manifested more sluggishness and lethargy than the 


98 G. H. WISE, W. E. PETERSEN AND T. W. GULLICKSON 


animals receiving the normal nutritive-ratio ration. Furthermore, the 
casein-fed group evinced symptoms of digestive disturbances more fre- 
quently and profoundly than the sugar-fed calves. Additional differences 
were manifested in the fecal material ; that from the high protein ration was 
gelatinous or pasty in consistency and putrid of odor, but that from the 
sugar supplemented ration was liquid and almost odorless. 

A peculiar action common to all was the tendency to contort the tongue. 
Whether or not this was symptomatic of a deficiency remains problematical. 

Convulsions were observed in only two animals, E-246 and E-260, both 
of which were receiving additional casein but were also restricted in mineral 
supplements, table 1. The tetanic state in the case of E-246 was preceded 
for several weeks by nervousness, hyperexcitability and dysphagia; whereas 
in the case of E-260 there were no premonitory symptoms. Except for the 
violence of the seizures there were no distinguishing characteristics in the 
tetany of the two calves. In E-246 the convulsions were frequent but 
relatively mild, but in E-260 the first observed attack was very severe, 
terminating in death. The difference in age of the calves probably was an 
important factor affecting the relative severity of the seizures. In com- 
parison with milk alone the additional casein did not seem to accelerate the 
onset of tetany. 

The ante-mortem symptoms of E-257 (group A-1) and E-252 and E-254 
(group B-1) may be summarized in the order of development: sluggishness, 
humped pose, anorexia, drawn abdomen, stiffness, sensitive muscles, dyspnea, 
apparent abdominal pains, nasal discharges, weakness, lassitude and finally 
death. There was no evidence of either nervousness or tetany. 

Post-mortem findings—Gross examinations of E-252, E-254 and E-257 
revealed marked gastritis, enteritis and slight peritonitis. Evidently the 
etiology was nutritional, either directly or indirectly. The constant 
presence of the rough undigestible foreign material in the alimentary canal 
is one factor that probably was responsible for the initiation and subsequent 
aggravation of the observed catarrhal condition of the mucous lining of 
the abomasum and the duodenum. Slight abnormalities of the other 
organs apparently were secondary. 

In the case of E-260, the digestive organs appeared to be normal, but 
the heart was very hemorrhagic, lungs slightly congested, spleen hyper- 
trophied, gall bladder thick and leathery, and the kidneys somewhat de- 
generated. Tissue cultures of the heart revealed bacterial infection. The 
extent to which the diet was involved in the etiology is uncertain. 


DISCUSSION 


The pre-supplementation trends of several mineral constituents of the 
blood of older calves used in this investigation and post-supplementation 
changes are in accord with previous observations (19, 20). The immediate 
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responses to the mineral supplements were the same for both major groups. 
However, nearly all the magnesium values are slightly low in comparison 
with the results of other investigators. Since it has been shown that the 
presence of manganese interferes with the magnesium determination, it is 
possible that manganese is partially responsible for some of the high mag- 
nesium values in the plasma of calves receiving this supplemental element 
in mineralized milk rations. 

The presence of supplementary glucose in the rations of group A had no 
obvious effects on either the blood sugar level or any of the inorganic 
constituents of the plasma. Though changes in blood composition might 
have taken place, the time, 15 hours, elapsing between glucose ingestion and 
blood extraction evidently was sufficient to permit reestablishment of a 
normal equilibrium and balance. 

As previously noted, the most striking difference between the blood 
constituents of the two groups, A and B, was the amount of nitrogenous 
constituents. The comparatively low levels of nitrogen in the plasma of the 
sugar fed calves may be attributed in part to two factors: first, a reduction 
of the nitrogenous constituents of the blood by a suppressive action of 
glucose (8, 11, 14) and second, the decrease in amount of protein consumed 
per unit of body weight. 

The quantitative differences in protein intake appear to be the principal 
factor contributing to the differences in the level of nitrogeneous constitu- 
ents of the plasma. On a dry matter basis the amount of protein in the 
rations of group A ranged from 27.3 per cent for the young animals to 
15.0 per cent for the older ones; whereas the corresponding range for 
group B was from 27.3 per cent to 54.0 per cent. The elevation of the 
nitrogen level of the blood with increased protein consumption is in accord 
with the observations of other investigators (1, 16, 17). However, it is 
interesting to note that the casein increased not only the non-protein nitro- 
gen but also the so-called protein nitrogen of the plasma. The extent to 
which this increase was a direct result of the additional protein assimilated 
remains a moot question. 

The exceedingly high values of the nitrogenous constituents observed in 
E-246 and E-252 cannot be ascribed entirely to the intake of protein. In 
the case of E-252 the highest values were attained several days before death 
when the intake was nil. These observations support the contention of 
Moéllgaard as reported by Ritzman and Benedict (13) ‘‘that the physiolog- 
ical condition of the individual is a greater factor in protein utilization than 
the amount of protein ingested or even its character.’ . 

The high casein consumption changed not only the chemical composition 
of the blood but also altered the physical stability as manifested in the in- 
ereased coagulability of the plasma when heated slightly and the greater 
tendency of the blood to clot when drawn. 
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In common with other animals calves need a relatively large proportion 
of protein in the diet in the early stages of life, the proportion needed 
presumably becoming less with advancement of age. Thus Sjollema (15) 
postulated that when older calves are restricted to a milk ration they are 
overfed with protein resulting in physiological disturbances involving 
alterations of the minerals of the serum. If this theory be true, it is 
reasonable to assume that the addition of proteins to a milk ration would 
greatly accelerate the onset of the disturbance of mineral metabolism. 
Contrary to this postulation, the feeding of excessive amounts of casein 
over a period of six months to calves of various ages apparently produced 
no marked changes in the mineral constituents of the plasma. 

Furthermore, the only case in which degeneration of any organs could 
be associated with high protein rations is that of E-260. Since bacterial 
infection was also involved, the etiology remains complicated. Apparently 
the death of the other calves, E—-252, E-254 (casein-fed) and E-257 (sugar- 
fed) was caused primarily by the presence of indigestible foreign material in 
the alimentary canal. 

Though the results of this experiment are somewhat discordant with 
Sjollema’s theory, it is probable that the quality of the protein as well as the 
quantity should be considered. This point of view is substantiated by the 
results from feeding certain proteins of vegetable origin. Calves fed milk 
rations supplemented with alfalfa hay, the average nutritive ratio of which 
is 1: 3.7 in comparison with 1:3.9 for whole milk, revealed no evidence of 
metabolic disturbances (2, 9, 12, 18). On the contrary Kuhlman (7) re- 
ported that when cottonseed meal was suspended in milk and fed to young 
calves, death invariably followed without any associated evidence of tetany 
(6). When linseed oil meal was fed in a similar manner, death did not 
ensue but the animals became very nervous and excitable. Sjollema and 
Seekles (16) observed that the administration of large quantities of peanut 
meal or gluten of wheat to cows produced changes in the mineral constitu- 
ents in the serum, which disturbance was accompanied by symptoms of 
intoxication. 

That the nature of the protein plays an important role in tetany is 
further evidenced (10) by convulsions produced in dogs fed diets in which 
gliadin was the sole protein, furnishing 16 per cent or more of the caloric 
intake. Another diet containing casein to the extent of 28 per cent of the 
calorie intake never caused similar reactions. 

The results as a whole do not indicate that milk proteins, casein par- 
ticularly, are the primary etiological factor in the abnormal mineral meta- 
bolism observed in calves restricted to milk rations. Though in some cases 
high casein consumption was followed by abnormal mineral metabolism, 
evidence that the disturbance was not induced by the milk protein per se 
is deduced from a consideration of (a) the absence, in one case, of several 
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mineral and vitamin supplements from the diet previous to the disturbance 
and the subsequent remedial effects of these supplements, (b) the failure 
of additional casein consumption to accelerate perceptibly the onset of dis- 
turbances in mineral metabolism, (c) the inconsistent relationship between 
variations in nitrogen constituents and in mineral content of the plasma, 
(d) the pathology, of the digestive tract, common to calves in both major 
groups and (e) complications from bacterial infections. 


SUMMARY 


1. The responses of two major groups of milk-fed calves, one receiving a 
ration of normal nutritive ratio and the other of narrow nutritive ratio, 
were compared. 

2. All calves regardless of supplements possessed a depraved and 
erratic appetite. 

3. The consumption of abnormally large amounts of casein by calves did 
not adversely affect growth or general appearance, but induced lethargy and 
occasionally digestive disturbances. 

4. The most pronounced difference observed in the blood constituents of 
the two groups was in the plasma nitrogen, which was high in the calves re- 
ceiving the protein-supplemented ration and comparatively low in the sugar- 
supplemented. 

5. The results do not substantiate the postulate that milk proteins con- 
stitute the principal etiological factor in the disturbance of the mineral 
metabolism of milk-fed calves. 
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““NICKING”’ IN DAIRY CATTLE* 
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**Nicking’’ is a term sometimes used by breeders to convey the general 
idea that the results of some mating or group of matings were unexpectedly 
good. In such a case the sire and dam are said to ‘‘nick well.’’ More 
rarely the term may be used to mean that the results were unexpectedly 
bad, in which case the mates may be said to have ‘‘nicked poorly’’ or ‘‘not 
to have nicked well.’’ The term is rarely used in scientific writings because 
it lacks precision and because the situation it is intended to describe can 
have arisen from several very different causes. 

In the first place an offspring much better than either parent can 
result merely from the part which chance plays in Mendelian segregation 
and recombination. The Mendelian laws of inheritance lead to the ex- 
pectation that the most probable genotype of an offspring will be midway 
between the genotypes of its two parents, but that an individual offspring 
may vary widely in either direction from this expectation. Chance in 
Mendelian segregation and recombination may well be the most general 
cause of what breeders call ‘‘nicking’’ in cases which concern only one or a 
very few offspring. But because each gamete is an independent sample from 
the genotype of a parent, sampling errors tend to cancel each other in aver- 
ages and can rarely cause several offspring all to deviate from expectation 
markedly in one direction. 

A second genetic process which may lead to results breeders might de- 
scribe as ‘‘nicking’’ is that the genotype of one or both parents may be far 
better (or worse) than is supposed. The correlation between genotype 
and phenotype is never perfect and for many economically important and 
physiologically complex characteristics it is apt to be low. A genotype 
is known only indirectly and imperfectly from the phenotype of the indi- 
vidual and from the phenotypes of its offspring, ancestors and collateral 
relatives. Occasionally an animal’s genotype will really be much better than 
is estimated and the offspring from mating two such animals will delight 
the breeder so much that he may call it a case of ‘‘nicking’’ to express 
vividly his surprise at the result. This is apt to be the main cause of ‘‘nick- 
ing’’ where the case concerns a set of several full brothers and sisters. In 
such a case increasing the number of offspring from that one mating would 
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not tend to decrease the evidences of ‘‘nicking,’’ as would happen with 
increasing number of offspring if the cause were merely an unusual result 
of chance in Mendelian segregation and recombination. 

Errors in estimating the genotypes of parents would tend (if random) 
to eancel each other in estimating the average genotype of a number of 
parents, but not all errors in estimating genotypes are random. For ex- 
ample, a group of paternal half sisters are apt to be reared in the same herd 
under much the same conditions. If the special conditions which prevailed 
in that herd have affected producing ability more than is realized by the 
man who is estimating breeding values, the errors in his estimates will tend 
all to be biased in the plus direction (or all in the minus direction) and will 
not cancel each other very effectively with increases in the number of 
sisters involved. Errors in estimating genotypes from phenotypes may thus 
sometimes lead to ‘‘nicking,’’ even when several parents are involved. 

A third possible cause of nicking is that genes in certain combinations 
may have effects very different from their average effects. Deviations which 
other genes cause in the effect of a given gene are known technically as 
epistatic deviations or joint effects or non-additive combination effects. 
Illustrations of this sort of key-and-lock interaction are abundant in the 
field of mechanics, where the exact nature of each interaction can be seen. 
In fact the essence of a machine is that its parts are organized so that the 
machine as a whole can do things which its parts couldn’t begin to do 
individually. Animals and plants are exceedingly complex machines and 
non-additive interactions of their genes perhaps may be as important among 
them as in deliberately designed but simpler machines like watches or 
automobiles. However plants and animals may have been prevented during 
their evolutionary history from incorporating into their gene systems much 
important interaction of this kind because the combinations of genes are 
re-shuffled (within the interbreeding population) with each Mendelian 
segregation and recombination and for the preservation of the species it has 
been necessary that a fairly large proportion of all the new combinations 
be able to function well enough to survive and reproduce. This would have 
led to heavy selection against genes which would produce good results in 
certain special combinations but bad results in most of the combinations in 
which the Mendelian reassortment would throw them. Such genes thus might 
be kept individually so rare that desirable combinations requiring the 
simultaneous presence of several of them would scarcely occur at all in such 
finitely limited populations as dairy breeds. A priort arguments can thus 
be adduced both for and against supposing that epistatie gene interactions 
are important. To determine the truth about this will require actual experi- 
ments or at least extensive observations properly interpreted. 

The outward sign of ‘‘nicking’’ from this third cause would be that the 
merit of a sire proved on one group of females would be quite different 
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from his merit when proved on another group. Or if several sires were 
involved, their order of apparent merit when proved on females of one group 
might be quite different from their order when proved on another group. 
This could be an important occurrence if it happened often that the cows in 
two or more groups mated to a sire were each genetically much like the other 
cows within the same group but distinetly different from the cows in other 
groups. However there is no effective way of getting groups of cows that are 
genetically uniform within groups but that are contrasting from group to 
group, except by inbreeding in separate families more closely than is 
ordinarily practiced. Selection and assortive mating are almost powerless 
to achieve any appreciable group separation of this kind when the joint 
effect of two or more genes is involved, because the effect of one gene (A) 
cannot be entirely distinguished from the effect of another gene (B). It is 
thus, doubly impossible to get one group homozygous for A and b and a 
contrasting group homozygous for a and B. 

Actual families within a breed usually differ from each other only 
moderately and each has much genetie variability. Because of this, even 
simple two-factor interactions requiring only the joint presence of two genes 
like A and B might be widespread in the population and yet the families 
would rarely be genetically uniform enough or contrast with each other 
enough that such ‘‘nicking’’ would attract much attention. Joint effects 
requiring the simultaneous presence of three or more genes would be even 
less likely to attract attention. 

These considerations make it seem unlikely that epistatie effects, even if 
they were known to be abundant and important in the population (and 
that is not clearly demonstrated although certain special cases are well 
known), would often be systematically biased enough to disturb sire proving 
seriously. Yet reports of cases where a sire was proved ‘‘good’’ on 
daughters of one bull but ‘‘ poor’’ on daughters of some other bull, are heard 
from time to time among breeders.* 

The present article reports an investigation of the importance of ‘‘nick- 
ing’’ as expressed in the milk production and the butterfat percentage of 
dairy cows. The data used were collected for another purpose. The pres- 
ent method of testing for ‘‘nicking’’ has not hitherto been applied to this 
end, so far as we know. Perhaps it will be useful in other cases. 


SOURCE OF DATA AND METHODS OF INVESTIGATION 


The data used in proving thirteen dairy sires in Kansas Dairy Herd 
Improvement Associations were studied. These sires included seven Hol- 
steins, three Jerseys, two Ayrshires, and one Guernsey. Each sire had at 
least two groups of daughters when the daughters were grouped according 


* See Heizer, E. E., et al. Nicking in dairy cattle. Proc. Amer. Soc. An. Prod. for 
1938, pp. 67-72, for some cases of the kind that occasionally are found in writings on 
animal breeding. 
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to their maternal grandsires. Members of each group were thus at least 
three-quarter sisters (a few were full sisters) inasmuch as they had the 
same sire and their dams were all by another sire. The number varied from 
group to group. Each sire had at least two main groups of daughters and 
some of them had several smaller groups ranging in size down to only one 
daughter in a group. The methods of analysis weighted these inequalities 
in group size in such a way as to use all the information in the data without 
bias from variations in size of group. 

All records used had been previously corrected to a mature equivalent 
basis by the Bureau of Dairy Industry. For bulls numbered 1 and 4 the 
records had been converted by the 70, 80 and 90 per cent basis, while records 
of the remaining bulls were corrected by the more recent Bureau of Dairy 
Industry factors. The high record of each daughter and of each dam were 
used for all bulls proved except in the case of bulls numbered 7 and 10, for 
which the average of all records were used. 

Tables 1 and 2 show the analysis of variance* pertaining to differences 
in milk production and in butterfat percentage between daughters within 
the various maternal grandsire groups and also between the means of those 
groups. This analysis merely asks of these data: Are the differences be- 
tween these groups of daughters more than would be expected from the 
amount of variation found between daughters which are in the same group? 
Some group differences of this kind would be expected, even if all genes 
interacted additively, since it is hardly possible that all the various maternal 
grandsires would have been equal in their breeding values. The dams of 
some groups of daughters would have been higher producers than the 
dams of other groups. This difference in the productive levels of the groups 
of dams would need to be discounted. Only if the group differences be- 
tween the daughters were unexplained by the differences in the records of 
their dams would there be evidence of ‘‘nicking.’’ As one way of discount- 
ing the effects of differences between dams, an intermediate index (Index 
= twice daughter’s record—dam’s record) was figured for each daughter 
and dam pair concerned in proving the sire. Then the index thus derived 
was used in place of the daughter’s record in an analysis otherwise just like 
that deseribed in the preceding paragraph. This left the grouping the 
same as when the daughters’ records were used. Again the variance found 
between the groups was compared to the variance found within the groups. 
The results are shown in tables 3 and 4. 

There being some question as to whether in using the index in this 
way errors from Mendelian segregation, from effects of environment, ete., 
would be thrown equally into the mean square between groups and that 
within groups, a third method of analysis, which it was thought would 


* See Snedecor, G. W., 1938. Statistical methods applied to experiments in agricul- 
ture and biology. Collegiate Press, Inc., Ames, Iowa. See especially pp. 179-307. 
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**NICKING’’ IN DAIRY CATTLE ill 
minimize the effects of these errors, was tried. It consisted of subtracting 
from the variance that part which could be explained by the linear regression 
of the daughter’s record on her dam’s record. (For an example of this 
method, see pages 249-252 and table 12.3 of Snedecor, 1938.) That 
analysis was carried out for the two sires having the most daughters and 
the most groups of daughters (sires number 6 and 8) but was not extended 
to the others as it seemed to give results not very different from those of the 
other two analyses. Table 5 summarizes the results obtained with this 
method. 
TABLE 5 


Results of tests of significance between daughter groups of sires 6 and 8 adjusted 
for differences in production of dams 


Mean square of adjusted : 
| 1 J | Comparative F values* 


data 
ire | From aver- 
For test of age of 
significance daughter ’s method 
| method 

6 (milk) 921.56 494.35 1.86 2.25 1.83 

(fat percent) .0748 0766 1.03 1.03 1.44 

8 (milk) | 401.62 134.00 3.00 3.21 3.99 

(fat percent) .0319 0428 | 1.34 1.18 1.48 


* The F values listed for comparison are taken from Tables 1, 2, 3, and 4. 


RESULTS AND DISCUSSION 


The F values in table 1 show considerable variation. For example, 
bull number 1 had 11 dauf&hters divided in 6 groups and the average milk 
production of these groups ranged only from 10,100 pounds to 13,800 pounds. 
The mean square (variance) within groups was 977 as compared to 329 
between groups. A constrast is presented by the data concerning bull 
number 8. The means of the various groups of his daughters range from 
10,800 to 18,400 pounds. The mean square between groups is 3.21 times as 
large as that within groups. The F value would be statistically significant 
(F = 3.07 at the 5 per cent level) if it stood by itself but we have singled it 
out here for illustration after we knew that among 12 possibilities bull num- 
ber 8 offered the most extreme contrast to bull number 1. Therefore, its 
significance is not definitely established. For 9 of the 13 bulls the mean 
square between groups exceeds the mean square within groups but the differ- 
ences are erratic and are not large, except for the two bulls just discussed. 
Table 1 by itself merely hints at the existence of group differences without 
proving them and it does not begin to prove that they are larger than might 
be expected after allowing for the differences between the groups of dams. 

When the intermediate index for milk production was used instead of the 
daughter’s record, the range increased for most bulls.* The mean square 


* This of course is to be expected, unless the records of daughter (D) and dam (M) 
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between groups only exceeded the mean square within groups 5 (instead of 
9) out of 13 times. Again the ratios between the respective mean squares 
were the greatest for numbers 1 and 8 with these showing opposite trends. 
The evidence thus suggests that even the faint hint of group differences 
which table 1 seemed to show may all be explained by observed differences 
between the dams with little (if any) residue left to be ascribed to ‘‘nicking.’’ 

The butterfat percentage of the daughters, grouped according to their 
maternal grandsires, showed variations that appeared in certain cases to be 
rather large (table 2). For example, bull number 6 with 28 daughters 
and 10 groups had group averages ranging from 2.97 per cent to 3.48 per 
cent. Yet the mean square within groups was almost the same as that 
between groups. Numbers 3 and 5 showed unexpectedly uniform group 
averages, each bull having a variance within the groups which would be 
significantly larger than the variance between the group means if the evi- 
dence on them stood alone. For each of these sires the groups of daughters 
differed less than would be expected if each group of daughters were a 
random set from a single population. For only 6 out of the 13 sires was the 
variance between groups greater than that within groups. Evidence of 
definite differences between groups was lacking. 

As with milk production, the use of the index for butterfat percentage 
widened the range (table 4) in the means of the maternal grandsire groups 
as compared to the range shown when the butterfat percentage of only the 
daughters was considered. In only 4 cases (sires 1, 2, 6, and 12) out of the 
13 was the value of the mean square between the groups greater than that 
within groups. As with milk production the discounting of differences be- 
tween dams, as far as the index accomplishes that, makes the evidence for 
group differences appear even scantier than it did when the daughters’ 
actual records were used without regard to the reeords of their dams. 
There is no definite indication here of any epistatic ‘‘nicking’’ in butterfat 
percentage. 

Theoretical considerations lead us to expect that even if non-additive 
interactions between genes were abundant and important, such outward 
evidences of ‘‘nicking’’ as were being sought here would not be conspicuous 
in populations bred as dairy cattle usually are. They might still be im- 
portant in crosses between breeds or between inbred lines. Hence these 
data tell little about whether non-additive interactions of genes which 
affect milk production and fat percentage are rare or abundant and im- 
portant. They do indicate (subject to the limitation that only a few sires 
were studied) that in proving dairy sires with the kind of data usually 


were perfectly correlated. The formula for the index (I) is: I=2D-M. From the 
well-known formula for the variation of a difference it follows that 
ol = V + — 28pm 02D oM 
which when oD is equal to oM, reduces to: 
ol=oD V5-4rpy 
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encountered, ‘‘nicking’’ is not often important enough that the pedigrees 
of the dams need consideration if the records of the dams are taken into 
account. 
SUMMARY 

The records used to prove 13 bulls in Kansas Dairy Herd Improvement 
Associations were examined by the analysis of variance to see whether there 
were significant differences among the daughters of each bull when the 
daughters were grouped according to their maternal grandsires. 

For 9 bulls out of 13, the variance in milk production between groups 
exceeded the variance within groups. 

The mean square for the sire’s index for milk production was larger 
between groups than within groups in only 5 out of 13 cases. 

In 6 out of 13 cases the mean square for butterfat percentage was larger 
between the groups than within the groups. 

As concerns the sire index for butterfat percentage, the variance between 
groups exceeded the variance within groups in only 4 cases out of 13. 

Using linear regression to correct daughters’ records for differences in the 
records of their dams gave results similar to those secured by the other two 
methods. 


The data from these 13 bulls gave no indication that ‘‘nicking’’ is 
generally important enough to need much attention when proving sires. 
Differences between groups could easily have been due to chance variation 
in the sample of inheritance transmitted by the bull, or to differences in the 
environments that affected the different groups of daughters when their 
records were made. 


| 
| 
{ 
{ 
} 


CAROTENE AND VITAMIN A IN THE NUTRITION OF 
GROWING DAIRY CATTLE’ 


R. E. WARD anp 8. I. BECHDEL 
Department of Dairy Husbandry 
AND 
N. B. GUERRANT 
Department of Agricultural and Biological Chemistry, 
The Pennsylvania State College 


Jones, Eckles and Palmer (10) were among the first investigators to 
demonstrate the necessity of vitamin A for the proper nutrition of dairy 
calves. Bechdel, Eckles, and Palmer (1), and Converse and Meigs (3, 4, 
12) submitted further evidence that calves require carotene or vitamin A. 
Hart and Guilbert (9) observed vitamin A deficiency in range cattle under 
natural conditions. Guilbert and Hart (7) found that about twenty-nine 
micrograms of carotene as it exists in alfalfa hay per day per kilogram of 
body weight prevented or cured vitamin A deficiency in cattle. Guilbert, 
Miller, and Hughes (8) working with cattle, sheep, and swine confirmed the 
above findings and reported that 25 to 30 micrograms of carotene daily per 
kilogram body weight, or 6 to 8 micrograms daily of vitamin A was just 
sufficient to prevent night blindness. Kuhlman, Gallup, and Weaver (11) 
found a commercial preparation of carotene dissolved in cottonseed oil to be 
an effective source of vitamin A for calves. Soldatenkiv (15) stated that 
feeding carrots to calves apparently accelerated recovery from respiratory 
diseases and built up resistance to infection. 

In connection with investigations at the Pennsylvania Experiment Sta- 
tion (5) ealves have been observed to become blind and to exhibit other 
symptoms of vitamin A deficiency while receiving levels of carotene intake 
(from timothy hay) in excess of that stated by Guilbert and Hart (7). 
Further investigations were, therefore, undertaken with the object of secur- 
ing additional information regarding the carotene requirements of growing 
dairy cattle and to study the utilization of carotene from different sources 
of feedstuffs. 


METHOD OF ESTIMATING THE CAROTENE CONTENT OF FEEDSTUFFS 


For the determination of carotene in the feedstuffs the Struve modifi- 
cation of the Guilbert method (6) was used. This method differed from the 


Received for publication June 28, 1939. 

1 Authorized for publication on June 23, 1939, as paper No. 911 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. The data presented in this paper 
are taken from a thesis submitted by Ruel E. Ward to the Graduate School of The Penn- 
sylvania State College in partial fulfillment of requirements for the degree of Doctor of 
Philosophy. 
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Guilbert procedure in that half saturated methyl alcoholic-potassium hy- 
droxide was used for the digestion and saponification, and also in that abso- 
lute methyl alcohol was added to the ethyl ether solution and then the ether 
evaporated off on a water bath at 65° C. instead of evaporated to dryness in 
vacuo as in the Guilbert method. The final petroleum ether solution of 
carotene was compared to a standard potassium dichromate solution. 

In order to check on the accuracy of this method of carotene estimation, 
biological assays were also made on a number of samples of the hays. The 
results indicated a satisfactory agreement between the values obtained by 
the two methods of assay. 


GROWTH OF CALVES RECEIVING DIFFERENT LEVELS OF CAROTENE INTAKE 


The object of this phase of the investigation was to compare the effect 
of different levels of carotene intake on the growth and well-being of young 
ealves. Grade Holstein calves (ten bulls and three heifers) were used as 
the experimental subjects. Mow-burned brown alfalfa hay containing only 
1.3 micrograms of carotene and dehydrated alfalfa containing 65 micro- 
grams of carotene per gram were used as sources of carotene. These hays 
were mixed in such proportions that mixtures containing 1.3, 4, 9, 17, and 
65 micrograms of carotene per gram were available for the feeding tests. 

The calves were housed in a modern barn which was equipped with a 
heating and ventilating system. This equipment made it possible to main- 
tain fairly uniform experimental conditions throughout the winter months, 
and prevented barn temperatures lower than 28° F. During the summer 
months the calves were turned out in a dry lot for several hours each day. 
A concentrate mixture, made up of feeds of low vitamin A content, but con- 
taining 11.3 per cent digestible crude protein and 69.9 per cent total digesti- 
ble nutrients was used. The constituents were wheat bran, ‘‘Banner’’ oat 
feed, barley, linseed oil meal, molasses, salt, and irradiated yeast. All calves 
were fed whole milk during the first three weeks on experiment, after which 
skimmilk was fed. The concentrate mixture was supplied to the animals 
according to their appetites. Water and salt were supplied ad libitum. The 
hay was kept before the calves at all times, but the animals were usually 
40 to 50 days old before appreciable amounts were consumed. 

The carotene contents of the various hay mixtures fed as well as gains 
in body weight of the respective animals are shown in figure 1. While gain 
in weight of the animals was the chief criterion used to determine adequacy 
of carotene intake, close observations were made for other symptoms of 
vitamin A deficiency. The carotene content of the blood serum was run at 
two-week intervals. The Palmer method as-modified by Connor (2) and 
later by White and Gordon (16) was used for these blood carotene determi- 
nations. 
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DATA 


In order to conserve space, the data obtained in this phase of the investi- 
gation have been reduced to graphic form and are presented in figure 1. 


WEIGHT IN POUNDS 


Fig. 1. Growth of calves while receiving equal quantities of hays of different 
carotene contents. 
DISCUSSION 


Examination of the data presented in figure 1 show clearly that increases 
of carotene intake within the limits of this experiment did not result in 
inereased growth of the calves. Even at levels of intake much below the 
reported minimum the growth continued normal for some time and was not 
greatly affected until the avitaminosis A reached an advanced stage. This 
may suggest that decreased growth rate frequently reported may be caused 
by intestinal, respiratory or other disturbances which so frequently accom- 
pany vitamin A deficiency. The average growth rate of two calves (Calves 
448 and 450) which received the hay containing 65 micrograms of carotene 
per gram was no greater than the growth rate of calves (Calves 445 and 
453) which received the hay containing only 1.3 micrograms, although this 
latter hay supplied only 4 to 8 micrograms of carotene per pound body 
weight per day. Several of the calves that received the carotene poor hay 
exhibited other symptoms of vitamin A deficiency. Distinct papillitis was 
observed in the eyes of calves 445 and 453 when they were several months 
of age. Calf 453 developed night blindness when approximately six months 
of age and calf 445 manifested several of the spasms which occasionally 
accompany vitamin A deficiency. Calf 452 was given from 0.6 to 0.8 gram 
of fortified cod liver oil daily and calf 451 was given from 0.6 to 0.8 gram 
of a carotene supplement for several months after they were placed on 
experiment. These supplements raised the vitamin A intake of the two 
calves to an equivalent of 10 to 12 micrograms of carotene per pound body 
weight per day. When these supplements were discontinued, calf 452 be- 
came permanently blind in about eleven weeks and calf 451 developed a 
severe nervous disorder. The administration of the carotene concentrate 
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at this time was not effective in promoting any noticeable improvement in 
the condition of calf 451 while calf 452 did show a slight improvement in 
general condition. 

With the exception of calf 435 which did not consume much hay (0.6 
pound per 100 pounds body weight per day), the hay with only 4 micro- 
grams of carotene per gram was just as satisfactory as hays of higher caro- 
tene content in preventing vitamin A deficiency and in promoting growth. 
For these calves this hay supplied approximately twenty micrograms of 
carotene per pound live weight per day. No immediate benefit was observed 
as the result of feeding hays of higher carotene content. 

Calves 445, 453, 451, and 452, that received the hay containing only 1.3 
micrograms of carotene per gram, always maintained less than .01 milligram 
of carotene per 100 ce. of blood serum. When calves 451 and 452 received 
their respective vitamin A supplements, the blood serum contained .01 to 
.015 milligram earotene per 100 ce. serum. Calves 443 and 446 had blood 
serum values ranging from .01 to .02 milligram when fed hay containing 
4 micrograms of carotene per gram. In the case of those calves fed hays 
with higher carotene content, the minimum blood value was .02 milligram 
per 100 ce. of serum. It is of interest to note that the blood serum value 
of calf 435 dropped to approximately .0025 milligram per 100 ce. When 
hay containing 17 micrograms per gram was fed, the blood carotene rose 
very rapidly to a level of .03 milligram per 100 ec. of serum. The blood 
serum of all calves usually dropped appreciably for the first few weeks after 
birth. After this period there was a general increase in blood serum caro- 
tene as the age advanced even at minimum levels of carotene feeding. 


AVAILABILITY OF CAROTENE FROM DIFFERENT SOURCES 


This phase of the investigation was designed with the view of determin- 
ing the biological value of carotene from different plant sources. In these 
studies, twelve Holstein and seven Guernsey calves were used as experi- 
mental subjects. These animals were so distributed in the different experi- 
mental groups as to permit a comparison of the carotene requirements of the 
two breeds. 

The concentrate mixture used was identical with that employed in the 
previous experiment. All but three of the calves received whole milk dur- 
ing the first few weeks of the experiment, after which they received skim- 
milk until approximately five months of age. Three calves, two Holstein 
and one Guernsey, were changed to skimmilk within a few days after birth. 
Two of these were supplied with a commercial carotene supplement and one 
ealf was supplied with fortified cod liver oil. The following feedstuffs were 
used as sources of carotene: alfalfa hay, timothy hay, alfalfa molasses silage, 
corn silage, yellow corn meal, and carotene concentrate (carotene in eotton- 
seed oil). A fortified cod liver oil was also fed as a source of vitamin A. 
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Where the amount of hay fed was limited or where no hay was fed addi- 
tional roughage was supplied to the calves in the form of beet pulp or wheat 
straw. An attempt was made to keep the calves growing and in the best 
possible state of health. All animals were weighed at weekly intervals and 
these weights were used in calculating the carotene and the food require- 
ments of the respective animals for the sueceeding week. 

In these studies, changes in the fundus of the eye were used as a criterion 
of vitamin A deficiency. These changes were observed by means of an oph- 
thalmoscope used according to the procedure reported by Moore (13, 14). 
Following a period in which the calves received a sub-minimal vitamin A 
intake, papillitis as well as other changes in the eyes appeared. These 
changes could be readily detected as they appeared but some difficulty was 
experienced in determining just when the calf was again receiving sufficient 
vitamin A. It had been observed in earlier work at this station (5) that 
the pupil of the calf’s eye became dilated and lost its ability to contract on 
exposure to a bright light when the animal had been receiving a vitamin A 
deficient diet. When sufficient carotene or vitamin A was supplied to such 
calves, the pupil usually recovered its ability to contract. Therefore, in 
these studies, the dilation of the pupil was also used as a measure of vita- 
min A deficiency. In addition, the appearance of night blindness, digestive 
disturbances, respiratory disturbances, and the carotene of the blood were 
considered in evaluating results. 

The calves were supplied carotene from one of the above mentioned 
sources at a definite level for several weeks. If no deficiency was noted the 
level of carotene intake was lowered progressively until a deficiency was 
observed. The level of carotene intake was then raised progressively until 
the deficiency symptoms disappeared. 


RESULTS 
The data obtained concerning the requirement of individual calves for 
carotene from the different sources have been summarized and are presented 


TABLE 1 


Level of carotene intake above which no symptoms of vitamin A 
deficiency were observed 


Micrograms per pound body weight daily 


Feedstuff 
Holstein Guernsey 

Alfalfa hay .............. 14 15 
Alfalfa molasses silage 33 

Corn silage 17 

Carotene concentrate 11 13 
Yellow corn meal 18 
Fortified cod liver oil* (vitamin A) ..... 13 13 
Fortified cod liver oil plus hay* ...... | 23 19 


* Calculated by assuming one U.S.P. unit equal to 0.6 gamma of carotene. 
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in table 1. The data are expressed as the number of micrograms of caro- 
tene per pound body weight per day required to cure or to prevent vitamin 
A deficiency. The micrograms of vitamin A from fortified cod liver oil are 
ealeulated from the manufacturers guaranteed minimum by assuming that 
one U.S.P. unit is equal to 0.6 gamma of carotene. 

In table 2 the amounts of carotene in the blood serum of the above calves 
while receiving the various carotene intakes are presented. 


TABLE 2 


Blood serum carotene in relation to carotene intake 


Mean blood serum carotene** 


Daily carotene intake*** 
5-10 10-15 15-20 | 20-30 | 30-50 , 50-400 


Source of carotene | 


Timothy hay Trace 005 008 015 

Alfalfa hay Trace 006 .008 015 03 | .03-.22 
Alfalfa molasses silage 014 015 01 

Corn silage 005 008 

Carotene concentrate Trace .009 

Yellow corn meal 014 

Fortified cod liver oil ...... 005 01 

Fortified cod liver oil plus hay.. 003 005 


Average of all feeds .... Trace 0053 | .008 014 02 .03-.22 


** Mgms. per 100 ce. serum. 

*** Micrograms per pound body weight. 

In eight cases (four Holsteins and four Guernseys) respiratory and 
intestinal disturbances appeared when calves were receiving sufficient caro- 
tene to prevent papillitis. The four Holstein calves made a favorable re- 
covery when their carotene intakes were increased by only a few (5-15) 
micrograms daily. Two of the Guernsey calves also recovered completely 
when given increased amounts of carotene. On the other hand when the 
remaining two Guernsey calves were treated with Bismo-Pepsol compound, 
they failed to recover. An autopsy on one of the latter calves revealed a 
severe fibrinous pleurisy accompanied by a purulent exudate in the pleural 
cavity. In the more acute areas of inflammation numerous areas of emphy- 
sema were present. In the areas with a pneumonia of longer duration there 
were many abscesses. The intestines were full of food and did not appear 
to be inflamed although the calf manifested a severe case of diarrhea. It 
may be significant that at about the same time a number of pure bred calves 
in the College herd developed a similar type of intestinal and respiratory 
disorder when only a few days of age. A study of the rations of the dams 
of these calves indicated that a deficiency of carotene might be responsible. 
Following these observations a commercial carotene concentrate was adminis- 
tered to all calves during the first few weeks of their lives with favorable 
results. 
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The carotene requirements of some of the calves appeared to be slightly 
higher in cold than in mild or moderate weather. In the case of four Hol- 
stein calves and one Guernsey calf maintained at minimum levels of caro- 
tene intake, it was observed that these animals showed increased evidence of 
vitamin A deficiency following a cold spell and that marked improvement 
followed when the weather again moderated. More marked evidence of this 
increased requirement might have been observed had the experimental barn 
not been equipped with a heating and ventilating system which made it 
possible to maintain a temperature around 50° F. during the winter. The 
barn temperature never dropped below 28° F. and seldom went above 60° 
F. except in the summer months. 

Observations made on some of the calves indicated the presence of a mild 
vitamin A deficiency between the time when the whole milk feeding was dis- 
continued and when appreciable amounts of hay were consumed. One calf 
was supplied with the carotene supplement and another was supplied with 
fortified cod liver oil during this period. These calves showed some evidence 
of better health during this period than those that received no supplement. 
However, no permanent benefit from this supplementation was observed as 
the calves receiving hay alone seemed to be in about as good condition at 
the age of four months as those which had received the supplement. 


DISCUSSION OF RESULTS 


The data obtained in these studies reveal wide variations in the carotene 
intake necessary to protect different animals against vitamin A deficiency. 
The requirements of some animals appear to be much higher than others 
even when consuming similar rations. Some of the animals on timothy hay 
were apparently protected by a daily intake of 14 micrograms of carotene 
per pound body weight, whereas others required 19 micrograms. Similar 
results were obtained with other feedstuffs with the exception that as the 
biological value of the carotene in a feedstuff increases the range apparently 
becomes narrower. Similar variations were also observed in the amounts 
of carotene from different carriers necessary to prevent the symptoms of 
vitamin A deficiency. These results can be better understood by examining 
table 1 which summarizes these data. Of the various sources of vitamin A 
tested the carotene concentrate appears to be the most efficient source as 
levels of 11 micrograms of carotene protected all animals excepting one 
Guernsey. The fortified cod liver oil and the alfalfa hay were almost as 
efficient. With timothy hay as the carrier the requirements were appreci- 
ably higher, an intake of 19 micrograms being necessary for all the animals. 
The carotene of corn silage and of corn meal was utilized as efficiently as 
that of timothy hay. The requirement for the carotene from alfalfa mo- 
lasses silage was much higher, a level of 33 micrograms being necessary for 
complete protection in all animals. 
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In any attempt to explaix the above variations in experimental results, 
several possibilities suggest themselves. Apparently there is a wide vari- 
ation in the ability of the animals to utilize the carotene from the same 
source. This being the case, one would also expect a wide variation in the 
ability of the animals to use the carotene from different sources. A study of 
the blood carotene values and a general study of the problem indicates this 
to be at least part of the explanation. It appears logical to assume that 
some of the substances in alfalfa silage measured as beta carotene were caro- 
tene degradation fractions or other related pigments that have no biological 
value. The data show that the carotene requirements from these sources 
were higher than from other carotene carriers. It is also conceivable that 
part of these pigments may have been carried into the blood and were 
measured there as carotene. 

An unexpected result was obtained with the fortified cod liver oil, in 
that the requirement appeared to be lower when the oil was fed with little 
or no roughage than when it was fed with roughage. These results may have 
been caused by an increased rumination as well as other digestive activity 
following the feeding of roughage of poor quality. This increased rumina- 
tion may have resulted in the destruction of part of the vitamin A of the 
cod liver oil before its passage into the absorptive mechanism of the body. 

The data on blood carotene (table 2) indicate that when the serum caro- 
tene falls below 0.01 milligram per 100 ec. of serum marked symptoms of 
vitamin A deficiency are likely to develop at an early date. However, when 
the serum carotene drops below this value it is difficult to estimate carotene 
with a satisfactory degree of accuracy. When the value is 0.02 milligram or 
higher, the animal is usually receiving sufficient carotene for normal growth 
and well-being. Results obtained in treating intestinal and respiratory dis- 
eases indicate that the optimum requirement may be a few micrograms 
greater than indicated by the appearance of the eye. It also seems that a 
lowered vitality due to a vitamin A deficiency may have a bearing on the 
susceptibility of calves to scours and pneumonia. The results, however, 
show that intakes more than a few micrograms higher than indicated as 
sufficient by the appearance of the eye are of no further immediate use to 
the calf so far as growth is concerned. Higher intakes of carotene, on the 
other hand, may result in greater storage of vitamin A in the body tissues. 

A comparison of the data on the two breeds (table 1) indicates that the 
Guernseys have a slightly higher carotene requirement than the Holsteins, 
but the difference between the breeds is much less than the differences be- 
tween individuals within the breeds. In a few instances Holsteins appear 
to have the higher requirements, but the reverse is more often the case. 
When a fortified cod liver oil was used as the source of vitamin A, the vita- 
min A requirements of the Guernseys were no higher than those of the 
Holsteins. 
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SUMMARY 


The data obtained in this series of studies show that the minimum caro- 
tene requirement of growing calves is eleven micrograms per day per pound 
body weight. This level of carotene intake was sufficient to maintain growth 
and to prevent the usual vitamin A deficiency symptoms. The adequacy of 
this amount of carotene, however, depends upon the source of supply of 
earotene. While it appears desirable that the intake should be considerably 
above this amount it was surprising to find that increases above that level 
did not result in marked improvement in growth rate. 

The order of availability of carotene to calves from the various sources 
studied is as follows: 1. Carotene concentrate, 2. Alfalfa hay, 3. Corn 
silage, 4. Corn meal, 5. Timothy hay, and 6. Alfalfa molasses silage. 
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STUDIES ON THE COMPOSITION OF BOVINE BLOOD. II. SEA- 
SONAL VARIATIONS IN THE LEVEL OF MAGNESIUM IN 
THE BLOOD PLASMA OF GROWING DAIRY CALVES 


Cc. W. DUNCAN, C. C. LIGHTFOOT, anp C. F. HUFFMAN 


From the Chemistry Section and Section of Dairy Husbandry of the Michigan 
Agricultural Experiment Station, East Lansing, Michigan 


In a recent paper (4) it was shown that the magnesium content of the 
blood plasma of growing dairy calves showed fairly close agreement from 
month to month and a definite tendency to increase from birth to eighteen 
months of age. The mean of 2,286 magnesium determinations was 2.414 + 
0.005 mg. per 100 ce. of plasma. In connection with the foregoing statistical 
presentation it seemed of interest to rearrange these same observed values, 
without respect to age, into the respective calendar months in which they 
were taken and re-examine them with particular reference to the influence 
of the seasons of the year where the conditions of feeding and management 
were under control. 

A survey of the literature discloses an ever-increasing interest in the 
close relationships between numerous processes in the animal body and the 
human organism with changes of season. That certain diseases occur more 
frequently in the transitional periods of spring and fall have been proved 
by statistics. Ritzman and Benedict (9), after a complete survey of the 
literature on standard metabolism experiments on steers and cows, came to 
the conclusion that some factors connected with season exert a dominant 
role in stimulating the metabolism of the tissues. The results of their own 
work with steers and cows have shown conclusively, that in every instance 
the basal metabolism dropped during the latter part of January and con- 
tinued through March and that a high level of metabolism occurred during 
late May, June and July. 

Weaver and Matthews (14) found that the fat test was highest during 
the first half of winter, gradually declined to the second half of summer, 
and then increased rapidly in the fall. The relations between the season of 
the year and the percentage of fat in milk have been reported by numerous 
other investigators and the literature has been summarized by Hays (5). 
They have all concurred in the opinion that regardless of when lactation 
begins, the percentage of fat followed a curve for the year, being lowest in 
June and July and gradually rising to the highest percentage during De- 
cember and January. Regan and Richardson (8) found changes in the 
composition and the physico-chemical characteristics of milk when a state of 
positive heat balance was reached which probably resulted from blood 
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changes instituted to facilitate heat disposal inasmuch as the blood is the 
ultimate source of the milk constituents. A close inverse correlation between 
the environmental temperature and the percentage of butterfat in cows 
milk was reported by Brooks (3). 

Rosenkranz (10) observed that the thyroids of young cattie kept in stalls 
out of contact with sunshine exhibited a marked increase in parenchyma 
and a diminished number of follicles while cattle out on pasture, getting 
plenty of sunshine, had normal thyroids, well filled follicles and little paren- 
chyma. Seidell and Fenger (11) reported that the average iodine content 
of the healthy thyroid gland of cattle was about three times as large during 
the months from June to November as during the months from December 
to May. R. H. van Gelder (13) found that the hemoglobin and red cells in 
the blood of Swiss mountain cattle increased in the summer but McCay (7) 
reported that the hemoglobin, iron and total phosphorus of the blood of 
milking cows was not influenced by summer sunshine or pasture. Kronacher 
and associates (6) state that the total solids of the blood of cows increased 
by about 10 per cent during the summer months. Suomalainen (12) made 
the interesting observation that during the month of January, when hedge- 
hogs are in deep hibernation, the magnesium content of the serum increased 
markedly (from 3.20 mg. to 5.43 mg.) with a corresponding decrease in the 
ratio of calcium to magnesium. 

The object of the present paper is to report results which add substantia- 
tion from a chemical and statistical standpoint to the cyclic influence of the 
astronomical seasons of the year on the amount of magnesium present in the 
blood plasma of the growing bovine. So far as we are aware the effect of the 
seasons on the changes in concentration of plasma magnesium of the growing 
ealf has been nowhere reported. 


MATERIALS AND METHODS 


The basic data used in this paper are derived from experiments which 
were previously described so that a detailed statement of the general condi- 
tions of the experiment need not be repeated (4). For the present purposes, 
we have disregarded the effect of age on the level of magnesium in the blood 
plasma of the growing bovine and have regrouped and re-examined the same 
basie data according to the calendar months of the year. The pertinent 
features of the experiment may be summarized as follows: 1. during a period 
of three years, 2,286 magnesium determinations were made on the blood 
plasma of 107 normal dairy calves from birth to 18 months of age, 2. of the 
107 calves, 47 were males and were removed from the experiment by the time 
they were six months of age, and 3. the calves received the following rations, 
depending upon their age, (a) whole milk, (b) skim milk, a mixture of corn 
and oats, alfalfa hay, (¢) corn and oats, alfalfa hay, silage, and (d) pasture. 
All ealves received the above standard rations fed in accordance to their 
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individual needs; therefore, under-nutrition and nutritional deficiencies 
were not involved in this investigation. The distribution of the birth dates 
are presented in table 1. 
TABLE 1 
Distribution of birth dates of 107 dairy calves by month 


Month Number Month Number Month Number 
Jan, 3 May 6 Sept. 9 
Feb. 9 June 5 Oct 19 
March 15 July 10 Nov. 10 
April 8 Aug 10 Dee, 3 


In order to investigate the influence of seasonal changes during the year, 
records of meteorological conditions were obtained from the U. 8. Weather 
Bureau Station, East Lansing, for the years under consideration, together 
with some normal mean values for each month since the year 1864, and are 
summarized in table 2. The college is situated at longitude 84° 26’ W., and 
at latitude 42° 44’ N., and at an altitude of 863 feet above sea-level. It was 
thought that if meteorological factors did affect the concentration of plasma 
magnesium, a correlation between one or more of these factors and the level 
of magnesium might be evident. 
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mental data in each six-month period by the method of least squares. 


| 
| Oe =0.389 


Cc. W. DUNCAN, C. C. LIGHTFOOT AND C. F. HUFFMAN 


128 


06 90°E L0% 66T | 8086 ole | LG 
L8°% 83'S | C68 GLE OF | | ‘AON 
O8 oF | OLE Veel £°0¢ | OOF | OSS | vO 
69 T | 16% roe oor eg | SPLE 669 63S “ydag 
Ove O08 6 FOF GOL OGL 0°09 Ane 
ore PE 86 49 | LSP BOE 69S 8°69 Avy 

% sayour sayour | sinoy ‘do ‘do “do ‘do 

aod jenjoe 


FOST svah ay, aows 


6 


| 
| 
| | 


STUDIES ON THE COMPOSITION OF BOVINE BLOOD 129 


RESULTS 


The experimental data available for the present paper were reduced by 
common statistical methods and recorded in table 3 and supplemented with 
a graph (Fig. 1). The data presented in table 3 were derived from 2,286 
determinations of magnesium in the blood plasma of normal dairy calves 
during the first 18 months of life and show the total number of determi- 
nations made in each calendar month during the period of investigation. 
The table also presents the mean magnesium value and its probable error, 
expressed as milligrams per 100 ce. of blood plasma, the minimum and maxi- 
mum value, the standard deviation, probable error, and coefficient of vari- 
ation for each calendar month. 

The mean values in table 3 were derived from a frequency distribution 
table in which the data were classified into 23 classes with an interval of 
0.10 mg. between each class. In figure 1, the dots represent the mean plasma 
magnesium values actually found and show the goodness of fit to the straight 
lines obtained from all the experimental data in each six-month period by 
the method of least squares. The computed limits of the band of normality 
(broken lines) for the first six months of the year are + 0.366 mg. and 
+ 0.389 mg. for the last half of the year. The equations for both of the 
lines are also included in the graph. 


TABLE 3 


The influence of season on the level of magnesium in the blood plasma of 107 
normal dairy calves 


Month | Determi- Mean Min. | Max. | SD. | P.E. | 
no. milligrams per 100 ce. “— % 

Jan. et 195 2.451+0.015 | 1.87 3.36 | 0.320 | 0216 | 13.05 
Feb... 193 2.481+0.016 | 1.67 | 32 0.320 | 0.216 | 12.89 
Mar. 190 2.455+0.019 | 1.67 3.71 | 0.378 | 0.255 | 15.40 
Apr. 191 2.470+0.017 | 169 | 345 | 0.352 | 0.237 | 14.24 
May ‘ 189 2.276+0.017 | 1.67 3.45 | 0.344 | 0.232 | 15.11 
June... 178 2.258+0.022 | 1.65 3.66 | 0.437 | 0.295 19.37 
July . 174 2.262+0.019 | 1.62 | 3.65 | 0.380 | 0.256 | 16.80 
Aug. co 191 2.365+0.019 | 1.70 3.63 | 0.395 | 0.266 | 16.70 
Sept. ; 194 2.392+0.019 | 1.63 3.60 | 0.399 | 0.269 | 16.68 
Oet. vias 194 2.455+0.018 | 182 | 3.71 | 0.380 | 0.256 | 15.46 
Nov. 198 2.547+0.017 | 1.90 3.74 | 0.363 | 0.245 | 14.25 
Dee. 199 2.519+0.017 | 184 | 3.83 | 0.363 | 0.245 | 14.40 
Combined ...| 2286 2.414+0.005 | 1.62 | 3.83 | 0.378 | 0.255 | 15.65 


In table 4 the results of the method of analysis of variance have been 
tabulated to show the significance of the difference between any two month 
means. The methods used for the determination of the standard error and 
the probable error in table 3 are of such a nature that they include all of the 
causes of variation. The method of the analysis of variance is based on the 
fact that the total variation is the result of various factors, some of which 
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are known and can be eliminated. In this case the variance due to between 
month means has been eliminated and the difference or the amount of vari- 
ance which cannot be accounted for is assigned to the experimental error. 
The degrees of freedom for total sum of squares are equal to the total num- 
ber of observations less one; the degrees of freedom for the sum of between 
month means are equal to the number of months less one ; and the remaining 
degrees of freedom are the degrees of freedom for error. 


TABLE 4 


Analysis of variance pertaining to the effect of season on plasma magnesium 


 Souree of Degrees of Sums of Experimental 
variation freedom | squares Variance error 
Total ....... ine 2285 | 33,035.9484 | 14.4577 
Between month | 
means 11 2,252.4509 204.7664** 
3.679 class units 


Within means 2274 | 30,783.5175 13.5372 .3679 


** Significant at the 1 per cent point. 


t—table for between month means! 


Jan. Feb. | Mar. May June July Aug. Sept.| Oct. Nov. | Dee. 


a . | 4.66 5.06 | 4.93 2.30 
| 45 5.83 | 5.70 | 3.09 2.38 
4.74 | 5.13 | 5.00 | 2.39. 2468 ..... 
Apr. 5.14 5.53 | 5.39 | 2.79 2.08 
May .. 4.66 545 4.74 5.14 .. ¥ wun | 2.36 3.09 | 4.76 | 7.24 | 6.50 
June ....... 5.06 5.83 5.13 5.53 2.79 3.51 | 5.16 7.61 | 6.87 
July ..... 493 5.70 5.00 5.39 ' woe | 267 | 3.38 | 5.02 7.46 | 6.74 
Aug. ....... | 2.30 | 3.09 | 2.39 | 2.79 | 2.36 | 2.79 | 2.67 aS eee 2.40 4.88 | 4.13 
Oct. 4.76 5.16 | 5.02 | 2.40 |... | ...... | 2.48 

Nov 2.59 2.46 | 2.06 | 7.24 | 7.61 | 7.46 | 4.88 4.17 | 2.48 | ...... 

Dee 6.50 6.87 | 6.74 | 4.13 3.42 


1 Odds for various values of t. 
2.0=21:1 


3.0 4.0= 15,772:1 
2.5=80:1 3.5 


2,149: i 4.5 = 147,058: 1 

For the statistical interpretation of the problem, the significance of the 
difference between any two month means can be found by noting the ratio 
of these differences to the standard error of these differences which have 
been computed by using the experimental error as the estimate of the stand- 
ard deviation of the parent from which these samples came. If the ratio 
was such that it indicated significant difference, the value was recorded in 
table 4. The resulting ¢ values are listed for the 5 per cent level of signifi- 
eance. Values greater than 2.576 are highly significant for the 1 per cent 
level, therefore, any ratio greater than 2.576 indicates a highly significant 
difference between month means. From an inspection of this table the sta- 
tistical significance between any two month means can be evaluated by 
noting the size of the number which lies at the intersection of any two given 
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months. For example, it can be readily seen that the means of January and 
February are not significantly different from each other, but upon further 
inspection the number 4.66 lies at the intersection of January and May. 
The size of the number indicates the significance of the difference between 
the mean of January and the mean of May. At the bottom of the table a 
few values have been included to indicate the odds against the occurrence 
of such a difference due to chance. The value 4.66 indicates, therefore, that 
there is only one chance in over 147,058 times of this difference not being 
real. It is of interest to point out that the magnesium values for the months 
of May to August, inclusive, are significantly lower than the other months of 
the year, whereas the value for November is significantly higher than the 
other months of the year except December and February. 


DISCUSSION 


From an examination of the results obtained by the repeated determina- 
tion of magnesium in the blood plasma of growing dairy calves and recorded 
in table 3, it is evident that the amounts of this element in the blood during 
the months of May to September, inclusive, were definitely lower than in the 
other months of the year. It is also of importance to point out that the 
magnesium dropped abruptly during May and continued to decline to lower 
levels during June and July before the trend was reversed and the concen- 
tration gradually increased to a maximum in November. These changes are 
marked in view of the fact that all of the mean values for the months of 
May to September, inclusive, are below the mean value for all observations 
(2.414 + 0.005 mg.), and that all of the mean values for the months of 
November to April, inclusive, are above the mean value for all observations. 
The magnesium values during the fall and winter months were distinctly 
less variable than the values during the spring and summer months both in 
respect to standard deviation and coefficient of variation and undoubtedly 
reflect the influence of the same factor or factors which determined the 
decline in the mean. The greatest variability of standard deviation and 
coefficient of variation occurred during June. 

Alleroft and Green (1), however, found that Hereford cattle running on 
pasture all the year round showed a seasonal variation in serum magnesium 
from a maximum in August to a minimum in December. Their winter 
values were frequently less than one-half of the summer values, the extreme 
range being from 2.8 mg. to 0.5 mg. per 100 ec. The addition of magnesium 
oxide to the mineral mixture appeared to alleviate the acuteness of the fall 
in serum magnesium from October to December but did not abolish it 
entirely. 

The straight lines in figure 1, which have been obtained from all of the 
experimental data in each six-month period by the method of least squares, 
illustrate the general path of plasma magnesium throughout the calendar 
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vear. This decline and increase in plasma magnesium is particularly strik- 
ing in view of the fact that some of the values were obtained from calves 
which did not have access to sunlight. The results are also especially sig- 
nificant because they were obtained from calves offered a variety of rations, 
at all seasons of the year, so that the fluctuations observed in the blood mag- 
nesium are not referable to seasonal changes in the ration. The distribution 
of birth dates shown in table 1 also indicates that all types of rations were 
being fed. The abrupt drop in plasma magnesium during May occurred 
irrespective of the type of ration that the calves were receiving and irrespeec- 
tive of the age of the calves and was much more pronounced than the up- 
ward trend during the summer and fall months. An examination of the 
general trend of the curve suggests a striking parallelism in the concentra- 
tion of magnesium to changes in season. Periods of high and periods of low 
concentrations not attributable to age or to the ingestion of food are defi- 
nitely indicated by the curve. 

When the mean monthly magnesium values obtained in this investigation 
were plotted against the monthly composited meteorological values obtained 
by the U. S. Weather Bureau, it was found that an inverse linear relation- 
ship existed between the plasma magnesium in the growing bovine and the 
mean temperature, actual hours of sunshine and rainfall, respectively. A 
direct linear correlation, however, was found to exist between the magnesium 
values and the values for barometric pressure and relative humidity. Thus 
a comparison of the meteorological values in table 2 and the mean monthly 
magnesium values in table 3 show increases and decreases concomitant with 
sustained changes in meteorological conditions. In general, the magnesium 
level was lowest during those months in which there were more than eight 
hours of sunshine per day and when the mean and maximum mean tempera- 
tures were above 55° and 70° F., respectively. Furthermore, the data show 
that relatively larger depressant effects were obtained during the months of 
May, June and July when the mean monthly temperatures and actual hours 
of sunshine were approaching their meridian. Armsby (2) placed the criti- 
cal temperature of ruminants at approximately 56° F., while Hays (5) gave 
70° F. as the temperature above which the increased metabolism is sufficient 
to influence mammary secretion. Regan and Richardson (8), however, 
found that there was a uniform increase in the respiration rate and that at 
80° or 85° F., a pyrexial point was reached where the cows were no longer 
able to maintain heat balance. They also report that humidity and air 
movement are relatively unimportant for the comfort of the cow. 

The results of this study support previous observations on both growing 
ealves and mature cows and suggest that certain meteorological influences, 
such as sustained increases in temperature, humidity and low barometric 
pressure, are associated with manifestations of uneasiness or nervousness 
and capricious appetites. These symptoms are especially noticeable during 
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the spring and early summer months when the calves have to adjust them- 
selves rapidly to new weather conditions. The relative humidity does not 
seem to be as intimately associated with the discomfort or uneasiness of the 
animals as the absolute humidity may be since the capacity of the air for 
water vapor is nearly doubled with each increment of 18° F. rise in tem- 
perature. Cyclic manifestations of physiologic activity are known to be 
associated in some unexplained manner with changes in season but it should 
be emphasized, however, that other factors besides meteorological changes 
are probably involved in the production of a seasonal drift in plasma mag- 
nesium, possibly through the influence of the endocrine or antonomic ner- 
vous system. So little is known of the causes and significance of changes in 
level of magnesium that these data are presented for record and without any 
particular attempt at interpretation. 


SUMMARY AND CONCLUSIONS 


The results of this study, based on the repeated determination of plasma 
magnesium in 2,286 samples of blood from 107 calves, show the changes in 
concentration of magnesium for the various calendar months of the year 
and the marked seasonal drop that occurred during the transition from 
winter to summer conditions when the calves had to adjust themselves 
rapidly to new-weather conditions. 

A number of direct environmental factors, the temperature, sunshine, 
precipitation, barometric pressure and relative humidity, have been con- 
sidered and linear correlations have been indicated to show some apparent 
relationships with plasma magnesium but none have been found wholly 
satisfactory in explaining why these alterations occur in the animal body. 
Lower plasma magnesium values were associated with those months during 
which there were more than eight hours of sunshine per day and when the 
mean and maximum mean temperatures were above 55° and 70° F., respec- 
tively. 

The changes in concentration cannot be ascribed to the effect of solar 
radiation because the magnesium values obtained from the young calves 
which did not have access to direct sunlight responded in the same manner 
as those which were turned out to pasture. 

The results of the study suggest a striking parallelism in the concentra- 
tion of magnesium to changes in season. Periods of high and periods of low 
concentrations not attributable to age or to the ingestion of food are defi- 
nitely indicated. 
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MEASURING THE QUALITY OF ICE CREAM' 


W. H. MARTIN, F. E. NELSON anv W. J. CAULFIELD 
Kansas Agricultural Experiment Station, Manhattan 


There was a time when the public was the sole judge of the quality of 
ice cream. If the ice cream tasted good and had a smooth texture, it was 
acceptable regardless of the conditions under which it was made. 

Public health officials now are giving more attention to the wholesome- 
ness and sanitary quality of ice cream. One of the first attempts to improve 
the sanitary quality of ice cream was the establishment of bacterial stand- 
ards. More recently the determination of Escherichia-Aerobacter organisms 
and the use of the phosphatase test have been advocated. Most states now 
have minimum butterfat standards and many states have adopted minimum 
weight standards for ice cream. 

The annual ice cream survey conducted by the Kansas State Dairy Com- 
missioner presented an opportunity to study several of the commonly used 
quality tests when applied to a large number of ice cream samples. The 
following tests were used: the standard plate count, tests to determine the 
presence of Escherichia-Acrobacter organisms, the phosphatase test, butter- 
fat content, weight per gallon, and the score of the ice cream. The results 
obtained have been tabulated and an attempt has been made to evaluate each 
test individually and when used in combination with other tests as measures 
of ice cream quality. 

METHODS 


During July, 1938, 318 samples of ice cream were collected from approxi- 
mately 300 manufacturers. If available, a pint factory-filled package of 
vanilla ice cream was obtained, otherwise a hand-dipped pint package was 
taken. Samples were usually taken at the point of manufacture. Ice 
creams from large and small wholesale manufacturers, counter-freezer 
operators, tub-freezer operators and retail stores were examined in this sur- 
vey. After each sample was obtained it was placed immediately in an insu- 
lated jacket and refrigerated with dry ice until delivered to the laboratory. 

A standard plate count, using the methods outlined. in ‘‘Standard Meth- 
ods of Milk Analysis,’’ 6th edition (1), was made on each sample. Numbers 
of Escherichia-Aerobacter organisms were determined by the tentative 
method outlined in ‘‘Standard Methods of Milk Analysis,’’ 6th edition, 
duplicate tubes of brilliant green lactose peptone bile broth being inoculated 
with each of the appropriate dilutions of sample. Each positive presump- 
tive test was confirmed by making a streak culture on eosin-methylene blue 
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the Department of Bacteriology. 


135 


136 W. H. MARTIN, F. E. NELSON AND W. J. CAULFIELD 


agar, from which a typical colony was isolated for determination of its 
behavior toward the Gram stain ‘and of its ability to ferment lactose with 
the production of acid and gas. The results of the determination of 
Escherichia-Aerobacter organisms were expressed as the smallest quantity 
of sample giving a positive test for members of this group, because the use 
of only two tubes of each dilution did not justify a more definite statement 
of the results. 

The efficiency of pasteurization was evaluated on the basis of results 
obtained with the New York field test for phosphatase. The published pro- 
cedure as recommended by Scharer (2) was followed throughout. Control 
tests, in which water buffered to a pH of 9.6 was substituted for the buffered 
substrate solution, were run on all samples which gave positive color reac- 
tions. A sample was evaluated as under-pasteurized only when the amount 
of color developed in the regular test exceeded that in the control. In this 
way, possible misinterpretation of the results due to residual phenols or 
other interfering substances was avoided. 

Two hundred and three samples were tested for butterfat using the Min- 
nesota method (3), and 116 were tested for fat by the Garrett-Overman 
method (4). These two methods gave essentially the same results when 
compared on a series of 28 ice cream samples from this survey. 

Weight per gallon of ice cream for each sample was calculated by weigh- 
ing each container to the nearest gram before any of its contents were 
removed, and again after cleaning and drying the empty container. 

The system used in scoring the ice cream was that used in the Students’ 
National Contest in Judging Dairy Products (5). Fifty points were al- 
lowed for flavor, 25 for body and texture, 5 for color and package and 20 
for bacterial counts. 


RESULTS 


Standard plate counts: The distribution of the standard plate counts 
for all of the samples, as well as for the samples obtained from each type 
of manufacturer, is shown in table 1. The standard plate count on 59.8 per 
cent of all the samples was 100,000 or less per ml. and 16.5 per cent had 
plate counts of more than one million. . For the wholesale manufacturers, 
54.5 per cent of the samples had a plate count of 100,000 or less, whereas 
61.6 per cent of the samples from counter-freezer operators were in that 
group. Of the counter-freezer manufacturers, 25.1 per cent produced ice 
cream with counts of 10,000 or less, whereas the product of only 10.0 per 
cent of the wholesale manufacturers was in this class. In the count ranges 
from 50,000 to 100,000 and from 100,001 to 200,000 there were considerably 
smaller percentages of counter-freezer samples than of wholesale manufac- 
turers samples, but the percentage of counter-freezer samples in the range 
above ten million was twice as great as the percentage of wholesale manu- 
facturers’ samples. Many of the counter-freezer operators were buying mix 
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from firms which manufactured a product of uniformly low bacterial count, 
and this fact probably accounted for the greater percentage of samples with 
low counts in this group. The number of samples from tub-freezer manu- 
facturers and retail stores was not sufficiently large to permit the drawing 
of definite conclusions. Four of the 8 samples from tub-freezer manufac- 
turers, however, had standard plate counts above one million per ml. 

Results from many laboratories and the experiences of many manufac- 
turers have shown that the manufacture of ice cream with a standard plate 
count consistently below 100,000 per ml. can be accomplished by the use of 
ordinary precautions. Counts in the high hundred thousands and in the 
millions, as found in numerous instances in this survey, would indicate that 
either the quality of the raw materials or the methods used in processing 
were not satisfactory. 

Relation of standard plate count to score: The ice cream samples were 
classified on the basis of standard plate counts, and total score minus the 
bacterial score, in order to determine if any relationship existed between 
standard plate counts and the quality of the ice cream as judged by other 
criteria. The results of this grouping of samples is presented in table 2. 
The ranges of scores used in making these groupings represent what might 
be termed excellent, good, fair, poor, and very poor quality. Approximately 
half of the samples in each bacterial range were classed as fair, scoring 
between 65-67.9, and in this range of scores there seemed to be no relation- 
ship between the standard plate count and the score. Of the 225 samples 
with counts of 200,000 or less per ml., only 20 scored below 65 and were thus 
graded poor or very poor. Eighteen of the 21 samples scoring 71 or more 
had a count of 100,000 or less per ml., and 76 of the 97 samples scoring from 
68 to 70.9 had a count of 200,000 or less per ml. Although there was a 
marked tendency for good bacteriological quality to parallel high quality 
as determined by the criteria used in judging, there were occasional samples 


TABLE 2 
Comparison of standard plate count and total score minus bacterial score 
Number of samples scoring 
Standard plate 71 or Less Total 
count more 68-70.9 | 65-67.9 | 62-64.9 | than 62 samples 
(Exeel- | (Good) (Fair) (Poor) (Very 
lent) poor) 
10,000 or less .......... 5 24 28 + 0 61 
10,001— §0,000 ..... 11 26 39 7 3 86 
50,001- 100,000 2 9 22 | 5 1 39 
100,001— 200,000 0 17 16 3 3 39 
200,001—- 500,000 1 5 9 5 2 22 
500,001— 1,000,000 | 1 + 10 2 1 18 
1,000,001-10,000,000 .... a 9 20 7 4 41 
Over 10,000,000 0 3 6 3 0 12 
Totals 21 o7 | 150 | 36 14 318 
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of good bacteriological quality which were poor or very poor on the basis of 
total score minus bacterial score. This is to be expected, since many defects 
such as feed, storage and oxidized flavors are not of bacterial nature and 
their incidence would not be expected to be correlated with bacterial counts. 
The organisms responsible for some bacterial defects are destroyed by pas- 
teurization, yet the defect which they cause is unaffected and could reduce 
the flavor score of the ice cream. 

When the count was above 200,000 per ml., approximately the same num- 
ber of samples was scored above 68 as was scored below 65. Three of the 
21 samples scoring 71 or more, and 21 of the 97 samples scoring from 68 to 
70.9, had counts in excess of 200,000 per ml., and the counts on some of 
these were well above 1,000,000 per ml., indicating that a sample can be sat- 
isfactory from other standpoints and still be of poor bacteriological quality. 
Some of these cases may have been the result of the presence of thermo- 
duric or thermophilic organisms which survived pasteurization but did not 
affect the flavor of the finished product. The results indicate that some 
correlation exists between low bacterial count and high total score minus 
bacterial score. This relationship failed to hold when the plate count 
exceeded approximately 200,000 per ml. 

Occurrence of Escherichia-Aerobacter organisms: The distribution of 
the samples on the basis of the smallest quantity containing members of the 
Escherichia-Aerobacter group and the relationship between the numbers of 
these organisms and the standard plate count for the last 270 of the 318 
sample are shown in table 3. Escherichia-Aerobacter organisms were 
absent in 1 ml. quantities of ice cream in only 37 instances, and were present 
in quantities as small as 0.001 ml. in 58 instances, indicating that some con- 
tamination of most of the samples occurred following pasteurization, since 
the phosphatase tests were negative in most cases. Such contamination was 
quite heavy in many instances. 

The logarithmic average of the standard plate counts of the samples in 
each of the classes, based upon the smallest amount of ice cream containing 
the test organisms, increased progressively as the number of test organisms 
inéreased. A definite trend toward relationship between number of 
Escherichia-Aerobacter organisms and standard plate count was noted 
when individual samples were considered. Most of the samples with low 
counts contained few of the test organisms, and most of those with high 
counts contained the test organisms in considerable nimbers. Apparently 
the factors responsible for the presence of numbers of Escherichia-Aero- 
bacter organisms in ice cream also determine to quite an extent the total 
numbers of bacteria present, although there are numerous instances where 
other factors intervene and provide exceptions to this general relationship. 
As has been indicated previously (6), an ice cream sample which is negative 
to the phosphatase test, but which contains Escherichia-Aerobacter organ- 
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isms, has undoubtedly been contaminated by those organisms subsequent to 
pasteurization. The presence of Escherichia-Aerobacter organisms in the 
finished product, whether because of faulty pasteurization or because of 
contamination following pasteurization, can thus be considered of sanitary 
significance. 

The phosphatase test: The results of the phosphatase test are shown in 
table 4. The data emphasize the importance of running control tests on all 
samples of ice cream showing positive color reactions. One hundred and 
forty-three samples, or 45 per cent of the total number, showed some color 
development in the phosphatase test as usually made, and all of these sam- 
ples would have been evaluated as under-pasteurized if control tests had not 
been run. Of this group, however, only 17 samples gave true positive tests 
in which the color development was definitely the result of enzyme activity. 
The color development observed in the remainder of the samples was caused 
by factors independent of the enzyme phosphatase. 


TABLE 4 


Phosphatase test results on 313* commercial ice cream samples 


Pasteurization evaluation 


Relative amount Number Per cent —— 
0 of of Number of samples classing as: 
blue color | samples samples ——— —— 
| Satisfactory | Unsatisfactory 

None .| 170 54.31 170 0 
+ a 97 31.00 96 1 
+ 30 9.58 24 6 
++ 16 5.11 6 10 
313 100.00 296 17 


* Test not run on 5 of the 318 samples. 


Addi. ‘onal data on the seventeen samples positive to the phosphatase test, 
after suitable controls had been run, are presented in table 5. The standard 
plate count was above 100,000 per ml. on all but four of the 17 samples and 
was 1,900,000 or more per ml. in ten instances, indicating definitely unsatis- 
factory conditions as measured by the standard plate count. All of the 
phosphatase-positive samples contained Escherichia-Aerobacter organisms 
in 1 ml. quantities of ice cream, and these test organisms were found in 0.01 
ml. or smaller quantities of ten of the samples. The extent to which under- 
pasteurization was responsible for the presence of the Escherichia-Aero- 
bacter organisms in these samples is unknown. In view of the large number 
of samples which were negative to the phosphatase test and yet contained 
appreciable numbers of these test organisms, it would seem that contamina- 
tion subsequent to pasteurization, as well as under-pasteurization, might 
have been an important factor contributing to their presence in considerable 
numbers as observed in this group of samples. 


142 w. 


H. MARTIN, F. E. NELSON AND W. J. CAULFIELD 


TABLE 5 
Data on the 17 samples positive to the phosphatase test 


Smallest quantity Total 
Standard 
r Phosphatase iving positive score minus 
Sample No. reaction plate a Gest for E.—A. bacterial 

organisms (ml.) score 
B8 + 17,000,000 0.0001 64 
D12 ++ 6,200,000 *0.001 61 

4 + 5,100,000 *0.000001 64.5 
30 4,300,000 *0.01 63 
C17 ++ 2,300,000 0.1 64 
C16 + 2,200,000 *0.001 65 
R34 ++ 2,150,000 0.001 60 

C32 + 2,000,000 0.001 69.5 
Cll ++ 1,900,000 *0.001 64 
42 + 1,900,000 *0.01 67 
BCll +++ 490,000 0.01 61 
R5 ~ 380,000 0.1 61 
130,000 1.0 65 
BC29 + 66,000 0.1 65 
63 ++ 60,000 1.0 66 
BC27 + 33,000 0.1 71 
16 + 19,000 0.1 64 


* The smallest quantity tested. 


On the basis of total score minus bacterial score one phosphatase-positive 
sample scored 71 or more, one between 68 and 70.9, five between 64 and 69.9, 
six between 62 and 64.9, and four below 62. These data indicate that in 
this group of samples there was a marked tendency for a positive phospha- 
tase test to be associated with undesirable characteristics of flavor, texture, 
body and color, particularly since only 36 samples in the whole survey scored 
between 62 and 64.9 and only 14 below 62. 

Although there was a general tendency in this particular study for sam- 
ples positive to the phosphatase test to represent poor quality ice cream, this 
relationship does not hold in all instances. The data indicate that ice cream 
may be satisfactory if judged on the basis of the other criteria used and yet 
be positive to the phosphatase test. The possible usefulness of the phospha- 
tase test as a supplementary test in controlling the sanitary quality of ice 
cream is clearly indicated, both from the public health standpoint in check- 
ing pasteurization and because of the relationship which it may have to other 
quality characteristics of the product. 

Relation of butterfat test to score: In table 6 the 318 samples of ice cream 
have been classified on the basis of butterfat test and total score minus 
bacterial score to determine whether a relationship exists between these two 
eriteria of quality. Of the samples containing less than 10 per cent butter- 


fat all except one scored below 68, but in each successively higher test class 
a large proportion of the samples was placed in the higher score classes, 
more than half of the samples containing 13.1 per cent or more of butterfat 
In each successively lower score class a smaller 


having scored 68 or above. 
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percentage of the samples was found in the higher test classes and a larger 
percentage in the lower test classes. 

Apparently a fairly definite relationship exists between butterfat con- 
tent and total score minus bacterial score. This relationship may be due 
in part to the tendency for a manufacturer who is making a quality ice 
cream from the standpoint of high fat content to use good ingredients. 
Much of the effect undoubtedly is the result of the better flavor, body and 
texture associated with the use of larger amounts of butterfat in the mix. 
Only a small percentage of the manufacturers were marketing a product 
below the legal standard of 10 per cent for butterfat, and a definite tendency 
to use 12 per cent or more of butterfat in the ice cream was noted. 

Relation of weight per gallon to body and texture score: In order to deter- 
mine the relationship of weight per gallon to quality, 317 samples of ice 
cream were classified according to weight per gallon and body and texture 
score. This comparison is presented in table 7. Approximately one half 
of the samples weighed less than 4.5 pounds per gallon, which is equivalent 
to 100 per cent or more overrun. As the weight per gallon increased from 
less than 4 pounds per gallon to the 4.75 to 5.49 pounds per gallon range, the 
percentage of samples with body and texture scores in the upper brackets 
increased progressively. A marked tendency for greater percentages of 
the samples to fall in the lower seore brackets was observed as the weight 
per gallon increased above 5.50 pounds. The five samples in the 5.50 to 6.49 
pounds per gallon class which scored 24 or above for body and texture 
formed an exception to the general trend, an exception for which the 
explanation was not apparent. 

A weight of 4.50 to 5.49 pounds per gallon seemed to be conducive to the 
best score, either unusually high or unusually low weights tending to be 
associated with undesirable body and texture characteristics. The value 
of 4.50 to 5.49 pounds per gallon corresponds to an overrun of from 66 to 
102 per cent, a range which includes those values which are usually consid- 
ered most desirable in good ice cream. 


DISCUSSION 


Each of the various tests and determinations used in this survey seemed 
to have its particular value for checking the quality of ice cream. This 
product is made from such a large number of ingredients and can be unsatis- 
factory because of such a variety of defects that a single determination, such 
as the standard plate count or the butterfat test, usually will show only the 
quality with respect to that particular factor and leave undetermined the 
quality with respect to other equally important factors. Although a rather 
close relationship existed between the evaluations placed on a sample by 
each of the several tests and determinations, complete characterization usu- 
ally could be obtained only when several criteria were employed. An ice 
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cream might be satisfactory in all respects but one, weight per gallon or 
standard plate count, for example, and still be a poor ice cream because this 
one criterion indicated an undesirable condition with respect to raw mate- 
rials or to processing. 

In addition to the criteria now used in scoring ice cream, the weight per 
gallon, the number of Escherichia-Aerobacter organisms, the butterfat test, 
and the results of phosphatase test for adequacy of pasteurization might well 
be considered in the score card, as they give considerable added information 
concerning the quality of the product. Furthermore, each of these four 
criteria can be stated in absolute terms, placing more of the evaluation of 
a sample on a basis into which the variable factors of human judgment and 
taste do not enter. 


SUMMARY AND CONCLUSIONS 


1. The standard plate count, the minimum amount of sample containing 
Escherichia-Aerobacter organisms, the phosphatase test, the butterfat test, 
the weight per gallon, and the flavor, body and texture, color and package 
scores were determined on 318 samples of ice cream collected from over 300 
Kansas ice cream manufacturers during July, 1938. 

2. Standard plate counts of 100,000 or less per ml. were obtained on 59.8 
per cent of all samples. A slightly larger percentage of the ice cream 
samples from counter-freezer operators than from wholesale manufacturers 
was in the lower count ranges. 

3. Samples for which the standard plate count was 200,000 or less per ml. 
tended to have a high total score minus bacterial score, but when the count 
exceeded 200,000 per ml. no relationship between count and score was 
apparent. 

4. A tendency for the standard plate count to increase as the smallest 
amount of ice cream containing Escherichia-Aerobacter organisms decreased 
was noted. 

5. Only 17 of the 313 samples tested were positive to the phosphatase 
test. If suitable controls had not been run, 126 other samples would have 
been considered under-pasteurized or contaminated by unpasteurized dairy 
products. 

6. The 17 samples positive to the phosphatase test were more or less 
unsatisfactory because of high standard plate count, large content of 
Escherichia-Aerobacter organisms, total score minus bacterial score or a 
combination of these three criteria. 

7. Only 26 samples were found to contain less than 10 per cent butterfat. 
A tendency for samples of high butterfat content to have a high total score 
minus bacterial score was established. 

8. A weight of 4.50 to 5.49 pounds per gallon was most frequently asso- 
ciated with high body and texture score; both lighter and heavier samples 
tended to be less desirable from this standpoint. 
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9. Despite certain relationships between the results obtained by use of 
the different determinations, there were enough instances in which these 
relationships did not hold to show that the use of a variety of tests and 
determinations is necessary in order to ascertain the true quality of a sample 
of ice cream. 
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INFLUENCE OF SOME MIX COMPONENTS UPON THE TEXTURE 
OF ICE CREAM 


W. C. COLE! anp J. H. BOULWARE2 


INTRODUCTION 


Although ice-cream texture is most generally measured by the organo- 
leptic test, some valuable information has been obtained by supplementing 
this test with other measurements. Thus Brainerd (1), Dahlberg (2), Cole 
(3), Reid (4), and others have presented data to show that ice-crystal size 
largely determines the texture of ice cream as judged organoleptically. 

With this fact in mind we have used the dilatometer method for measur- 
ing the rate of freezing to see whether such data would indicate the ability of 
various ice-cream components to influence ice-cream texture (5). Some re- 
sults obtained in 1933-1934 by one of us (6) giving microscopic measure- 
ments of the size of ice crystals formed during freezing are also included. 
Microscopic and dilatometer measurements were not made on the same sets 
of samples. 


METHODS 


The three procedures used in this study were : 1, judging ice-cream texture 
organoleptically, 2, measuring ice-crystal size microscopically, and 3, measur- 
ing freezing rates of various samples by means of a dilatometer. 

In the first case the scoring was done by at least two and usually three 
experienced judges who did not know the identity of the samples. For the 
microscopic observations the technique described by Cole (3) was employed. 
In the third case a dilatometer was used, as, previously described by this 
same author (8). The brine bath and the means of agitation and temperature 
control were essentially the same as those reported in the publication just 
mentioned. 

Freezing in the dilatometer was accompanied by changes in volume, which 
in turn were indicated by differences in position of the mereury capillary in 
the apparatus. The size of samples for each set of comparisons was kept as 
uniform as possible, so that recording the time required for these differences 
to occur was considered a measure of the rate at which freezing took place. 

Sweet cream and condensed skim milk or sweet butter and condensed skim 
milk were the sources of milk solids in the samples. The mixes were pasteur- 
ized at 150° F. and homogenized at pasteurization temperature using pres- 
sures from 1800 pounds per square inch to 2500 pounds per square inch, de- 
pending upon the fat contents of the mixes. The higher the fat content the 
lower the pressures used. In the mixes with high fat content, e.g., 20 per 
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cent fat and 2 per cent milk-solids-not-fat, it was necessary to run the mixes 
through the homogenizer two or three times in order to obtain satisfactory 
fat dispersion as judged by the microscopic appearance of the fat globules 
in the mix itself. The ice cream used for the organoleptic test and for the 
microscopic measurements was frozen in a multiple freezing unit consisting 
of four 1-gallon hand freezers rotating in a brine bath. 


EXPERIMENTAL 


The organoleptic test was used throughout the comparisons, and the re- 
sults are given by comparing them with those of the other two methods. The 
dilatometer measurements will be considered first. 

Preliminary observations with water and ice cream mixes in the dila- 
tometer indicated the necessity of accurate temperature control during the 
freezing of samples. Lack of control caused significant variations in the rate 
of freezing. Obviously, then, to facilitate the satisfactory comparison of a 
series of samples their freezing points must be practically the same. This 
purpose was accomplished by adding suitable amounts of sodium chloride to 
the various samples in a given series so that all their freezing points were 
adjusted to that of the one with the lowest original value. The maximum 
range in freezing-point values for any series was 0.05° C. The degree to 
which the samples were supercooled before freezing also proved to be sig- 
nificant. In these comparisons each sample was supercooled 2.50° C. + 0.01 
and was held at this temperature four hours before freezing was initiated. 

In addition, the rate of freezing varied considerably in all samples, de- 
pending upon the stage in the freezing process at which readings were ob- 
tained. It therefore became necessary to standardize on a procedure de- 
signed to secure representative values for the freezing rates in each case. 
These values were selected in the following manner. 

The data for each sample were plotted on coordinate paper, using as 
ordinates (first) centimeters of expansion of the mercury capillary, and 
(second) expansion in centimeters was taken as a measure of the rate of 
freezing for each sample. This value was obtained by using that portion 
of the curve which most nearly represented a straight line—usually between 
10 em. and 20 em. After tabulation of such data for the samples in a given 
comparison, they were plotted (figure 1). 

The samples from which the data were obtained in this case were pre- 
pared so as to contain approximately 22 per cent milk solids, 15 per cent 
sugar, and 0.35 per cent gelatin (240 Bloom). Butter and condensed skim 
milk were used as the sources of milk solids. Although the proportion of 
milk fat to milk-solids-not-fat varied, the total per cent of milk solids re- 
mained approximately the same. According to the data, the time required 
for a given expansion to occur increased along with the proportion of milk- 
solids-not-fat. 
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Fie. 1. Effect of replacing fat with milk-solids-not-fat upon rate of freezing (sam- 


ples contained 0.35 per cent gelatin). 


Another series of samples of essentially the same composition, except that 
cream instead of butter was the source of fat, vielded data that showed prac- 
tically the same relationship. 


TABLE 1 


Influence of milk fat and milk-solids-not-fat upon ice cream texture 


| Composition 
Sample Seiten Milk-solids-not- | Texture placing Remarks 

P fat percent | 

1 20 2 6 Coarse 

2 14 8 4 Slightly coarse 

3 12 10 1 Smooth 

+ 10 12 2 Smooth 

5 8 14 3 Slightly coarse 

6 2 20 5 Slightly sandy 


These samples all contained 15 per cent sucrose and 0.35 per cent gelatin. 


Table 1 gives the results of scoring the samples in the first series men- 
tioned. The values are the averages of the scores of two judges. 

Since conceivably the gelatin content of the samples might mask the influ- 
ence of the milk constituents, another series of samples was prepared, essen- 
tially the same in composition as the first two series mentioned except that no 
gelatin was included. The final data (figure 2) show the same relationship 
between the milk-solids-not-fat content and the retarding effect on freezing 
as that indicated in figure 1; but the correlation is somewhat better than in 
the preceding case, where the samples contained gelatin. 

Unfortunately these samples were not judged organoleptically until three 
days after they had been frozen; and samples 5, 6, and 7 were sandy when 
seored. The results of the scoring are given in table 2. 

As tables 1 and 2 indicate, the smoothest samples are not the ones with 
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the highest proportion of fat; rather, the best results (so far as texture was 
concerned) were obtained in the intermediate group. According to figures 
1 and 2 the rate of freezing tends to be retarded as the proportion of milk- 
solids-not-fat increases. 

TABLE 2 


Influence of milk fat and milk-solids-not-fat upon ice cream texture 


Composition 
Sample Seteerens | Milk solide-not- Texture placing | Remarks 
| at per cent } 
1 20 2 4 Coarse 
2 16 6 3 Coarse 
3 14 8 2 Slightly coarse 
4 12 10 1 Smooth 
5 8 14 5 Slightly sandy 
6 6 16 6 Sandy 
7 2 20 7 


Very sandy 


These samples all contained 15 per cent sucrose but no gelatin. 


As already indicated, the microscopic measurements were made before the 
dilatometer observations were undertaken. Since they were carried out 
under similar conditions, however, and since the organoleptic test was used 
in both sets of experiments, it seemed advisable for comparative purposes to 
include those results which had direct application. The data on microscopic 
measurements are presented in tables 3, 4, and 5. All these samples were 
prepared with sweet cream and condensed skim milk as the sources of milk 
solids. 

The results from two series of samples are given in table 3. The samples 
in a given series had the same percentages of fat but different percentages of 
milk-solids-not-fat. Thus samples 1, 2, and 3 all had 12 per cent fat but 


1 9 


INFLUENCE OF MIX COMPONENTS 153 


TABLE 3 
Influence of increasing the percentage of milk-solids-not-fat in the mix upon 
the texture of ice cream 


Drawing 


Composition* 
ture Fat M.S.N.F. 
mm. 

1 — 5.6° C. 12 10.5 0.08 x 0.07 Coarse 
2 — 6.5° C. 12 14.0 0.04 x 0.05 Smooth 
3 — 6.8° C. 12 18.0 0.03 x 0.05 Very smooth 
4 — 6.0° C, 22 3.1 0.05 x 0.07 Coarse-crumbly 
5 — 6.5° C, 22 6.0 0.04 x 0.06 Smooth-good ice cream 
6 — 6.0° C. 22 10.5 0.03 x 0.04 Smooth-gummy 


* All samples contained 15 per cent sucrose. Samples 1, 2, and 3 contained no gelatin, 
Samples 4, 5, and 6 contained 0.40 per cent gelatin (240 Bloom). 

had milk-solids-not-fat contents varying from 10.5 per cent to 18 per cent. 
Samples 4, 5, and 6 all contained 22 per cent fat ; and their milk-solids-not-fat 
content varied from 3.1 per cent to 10.5 per cent. In both sets, it will be 
noted, an increase in the milk-solids-not-fat was accompanied by a decrease 
in the average size of ice crystals with a simultaneous increase in smoothness 
of texture. 

TABLE 4 


Influence of inercasing the percentage of fat in the mix upon the texture of ice cream 


Drawing Composition* 


Sample tempera- — —- Organoleptic test 
ture Fat M.S.N.F. 
mm, 

7 — 6.4° C. 22 10.5 0.03 x 0.04 Smooth-gummy 

8 -6.1° C, 18 10.5 0.04 » 0.05 Smooth 

yg — 62°C, 12 10.5 0.06 x 0.05 Coarse 
10 6.5° C. 22 6.0 0.04 0.06 | Smooth-good ice cream 
11 — 5.8° C. 18 6.0 0.04 x 0.07 Smooth-good ice cream 
12 5.6° C. 12 6.0 0.06 0.07 | Tey 


* All samples contained 15 per cent sucrose and 0.40 per cent gelatin (240 Bloom). 


Table 4 gives the results from two sets of samples each having the same 
percentage of milk-solids-not-fat but having different percentages of fat in 
each sample. Samples 7, 8, and 9 contain 10.5 per cent milk-solids-not-fat, 
and their fat contents varied from 12 per cent to 22 per cent, whereas samples 
10, 11, and 12 contained only 6 per cent milk-solids-not-fat but had fat con- 
tents corresponding to those just mentioned. As this table shows, an increase 
in the fat content in both cases resulted in a decrease in ice-crystal size and 
an increase in smoothness as determined organoleptically. 

Table 5 presents results from three sets of samples, each having approxi- 
mately the same percentage of total milk solids, but the individual samples 
varying in the proportions of fat and milk-solids-not-fat. One other variable 
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TABLE 5 


Influence of varying the proportion of fat and milk-solids-not-fat in the mix upon 
the texture of ice cream 


| | Composition* 
Sam- rawing Fat Total Average ice- Organoleptie 
ple Sodium milk erystal size test 
| and | | solids 
| eream 
| mm. | 
13. | -6.5°C. 22 6.0 | 28.0 0.04 0.06 Smooth-good 
| ice cream 
14 | -6.1°C. 18 10.5 28.5 , 0.04x0.05 Smooth 
15 — 6.5° C. 22 3.1 25.1 0.05 x 0.07 Coarse- 
e | crumbly 
16 — 5.8° C. 18 6.0 24.0 0.04 x 0.07 Smooth-good 
ice cream 
17 -6.2°C. | 12 10.5 22.5 0.06 x 0.05 Coarse 
18 | —5.3°C. 12 7.5 3.0 22.5 0.04 x 0.04 tye 
19 — 4.6° C, 12 5.5 5.0 22.5 0.02 x 0.03 = 


* All samples contained 15 per cent sucrose and 0.40 per cent gelatin (240 Bloom). 
** Organoleptie tests were not available on these samples, as toluene was used to 
preserve the casein used in making the sodium caseinate. 


was included, for samples 18 and 19 have three and five per cent respectively 
of the milk-solids-not-fat replaced with sodium caseinate. Judging from the 
results, as the proportion of milk-solids-not-fat increased in each set of 
samples the average size of the ice crystals decreased; and, furthermore, 
sodium caseinate is more effective in this respect than an equal amount of 
normal milk-solids-not-fat. Although the smooth-textured samples tend to 
have the smallest ice crystals, the evidence implies that there is at least one 
other factor contributing to smooth texture as judged organoleptically. 

Photomicrographs were taken of practically all the samples examined 
microscopically, but it is not felt necessary to present them to emphasize the 
differences already pointed out in the tables. 

Although not direetly concerned with the subject at hand, it is an inter- 
esting fact that while examining samples of sandy ice cream with a polarizing 
microscope we were able to see very distinctly both lactose and ice crystals 
at the same time. 


DISCUSSION 

The evaluation of ice-cream texture is a complex problem, partly because 
the meaning of texture is not always clearly defined and partly because the 
organoleptic method generally used as a measure is undoubtedly influenced 
by more than one factor and is itself subject to the usual errors of human 
judgment. 

If we take ice-crystal size and structure as the factors determining texture, 
then the microscopic method would seem to be a logical basis of evaluation. 
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On the other hand, if we consider the organoleptic test to be the best measure, 
we may suppose that our judgment of texture will be influenced by several 
contributing factors such as the size of the ice crystals, the temperature of the 
sample being judged, and the presence or absence of mix constituents that 
might act as lubricants. Since most of the results reported have been 
obtained by the latter method, we shall try to evaluate the factors contribut- 
ing to the results reported. 

With this in mind we can easily see why the results obtained by the three 
methods included in this study do not exactly coincide and also, to some 
extent, why various investigators have been led to conclusions that should 
possibly be modified. 

The results obtained in this study and those reported by certain investi- 
gators lead us to conclude that if the organoleptic test is to be used as the 
criterion of smoothness or coarseness in ice cream, the lubricating effect of 
certain mix constituents, notably fat, as well as ice-crystal size, should be 
considered. In other words, one should not infer that a sample judged 
smoother than another sample necessarily has smaller ice crystals. Where 
the compositions of samples in a series are essentially the same, smoothness 
determined organoleptically would appear to be more nearly correlated with 
ice-crystal size than where the composition varies considerably, as in most 
of the comparisons made in this study. 

If the results reported by Bradley and Dahle (7) are considered in this 
light, we might logically assume that the batch-frozen samples contained ice 
crystals large enough to be detected organoleptically unless there was suffi- 
cient fat or some other lubricant present to mask the coarseness due to these 
crystals. Hence high-fat ice creams would be more likely to taste smooth 
than lower-fat ice creams. With samples frozen in the continuous freezer, on 
the other hand, the ice crystals were probably so small that a smooth product 
resulted even though the fat content was low. In this case, therefore, one 
would not expect the differences in texture between high- and low-fat ice 
creams that would occur in samples frozen under less favorable conditions— 
for example, in batch freezers. 

Here, apparently, is a likely reason for Dahlberg’s (2) conclusion that 
fat was more effective than milk-solids-not-fat in producing smooth-textured 
ice cream. Judging from the results obtained in this study, the milk-solids- 
not-fat would retard the growth of ice crystals more than would fat ; and con- 
sequently if size of ice crystals alone were considered as contributing to ice 
cream texture, milk-solids-not-fat rather than fat would be the more impor- 
tant. These findings can be justified on the following theoretical basis. Fat 
and water have little or no mutual affinity, hence the fat would not be 
expected to have much effect on the water phase. The proteins of milk, on 
the other hand, are hydrophylic and are therefore more likely to influence 
the water and its formation into ice crystals. 
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Be that as it may, the ultimate consumer will use the organoleptic test to 
determine texture along with other factors of quality. Our study agrees 
with Dahlberg’s (already mentioned) and with many others in coneluding 
that on this basis fat and milk-solids-not-fat are more effective in combina- 
tion than they are alone in producing a smooth-textured product. 

Our results are not conclusive proof of the point of view here expressed ; 
but the theory is in keeping with them and is offered as one way of explaining 
our results as well as certain conclusions of other investigators. 


SUMMARY AND CONCLUSIONS 


1. The organoleptic test, the microscopic examination of ice-crystal size, 
and the dilatometer measurements of rate of freezing were used in this study 
as a basis for evaluating the factors contributing to ice-cream texture. The 
results obtained are briefly summarized below. 

2. An increase in the percentage of milk solids as a result of increasing 
either the fat or the milk-solids-not-fat improved the smoothness of ice cream 
texture as judged organoleptically and tended to decrease the size of the ice 
erystals formed in ice cream. 

3. When the milk solids content of the samples was maintained essentially 
the same but the ratio of fat to milk-solids-not-fat was varied significantly, 
the milk-solids-not-fat were more effective than the milk fat in causing the 
formation of small ice crystals. 

4. Under these same conditions the dilatometer data show that the milk- 
solids-not-fat had a greater influence than did fat in retarding freezing. 
Hence it is suggested that the smaller ice crystals formed in samples with a 
higher proportion of milk-solids-not-fat may be due to a retarding action of 
the latter upon the growth of the ice crystals. 

5. An increase in the proportion of fat in ice cream was found to have a 
greater effect upon texture judged organoleptically than it did in reducing 
ice-crystal size observed microscopically or in retarding the growth of ice 
crystals as measured by the dilatometer. 

6. Where variations in composition are not too great, in a series of 
samples, one can expect good correlation between ice-crystal size measured 
microscopically and smoothness of ice cream judged organoleptically. This 
relation does not necessarily hold, however, if the proportion of fat to milk- 
solids-not-fat is very high or very low, possibly because fat in ice cream has a 
lubricating effect in the mouth, whereas this effect is not nearly so pronounced 
with milk-solids-not-fat. 
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CHANGES IN DIACETYL AND ACETYLMETHYLCARBINOL 
CONTENTS OF BUTTER AT VARIOUS TEMPERATURES' 


E. A. PRILL? anp B. W. HAMMER 


lowa Agricultural Experiment Station, Ames, Iowa 


The work of various investigators has emphasized the importance of 
diacetyl as a flavor contributant of butter and other dairy products. The 
milk constituents in butter, especially the fat, have a rather characteristic 
flavor, but unless flavoring materials that commonly are produced by bacteria 
are also present the butter lacks the flavor desired by many consumers. The 
cultures ordinarily used to give butter a desirable flavor contain two general 
types of organisms ; the citric acid fermenting type (Streptococcus citrovorus 
and Streptococcus paracitrovorus) produces a series of compounds, including 
diacetyl, from citrie acid, while the lactic acid organism (Streptococcus lactis) 
establishes a pH that favors the accumulation of desirable fermentation 
products from citirie acid. van Beynum and Pette (13) recently suggested a 
likely mechanism for the dissimilation of citrie acid in which pyruvie acid is 
an intermediate. 

Diacetyl is rather reactive toward many substances. Moreover, the citric 
acid fermenting streptococci which produce diacetyl under one set of condi- 
tions destroy it under other conditions, particularly at a favorable growth 
temperature and a relatively high pH. These general considerations led to a 
study of the changes in contents of diacetyl and its probable precursor, 
acetylmethylcarbinol, in butter made with different procedures and held at 
various temperatures. 


HISTORICAL 


Following the discovery by van Niel, Kluyver and Derx (14) and by 
Schmalfuss and Barthmeyer (10, 11) that diacetyl and acetylmethylearbinol 
occur in butter, the work of various investigators has substantiated the impor- 
tance of diacetyl as a flavor constituent. Results of the earlier isolated 
analyses of butter for diacety! have been critically reviewed by Barnicoat (1). 
The greater part of the analytical work on diacetyl and acetylmethylcarbinol 
thus far published deals with butter culture rather than with butter. Slatter 
and Hammer (12) studied changes in acetylmethylearbinol plus diacetyl 
contents of butter held at different temperatures. Various workers, notably 
Barnicoat (1, 2), Mohr and Wellm (6) and Brioux and Jouis (4) determined 
changes in both diacetyl and acetylmethylearbinol contents of butter by the 


Received for publication July 19, 1939. 

1 Journal Paper J. 669 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 127. 

2 The studies were financed in part through a grant from Chas. Pfizer and Co., Inc., 
which provided particularly for the services of Dr, Prill. 
159 


160 E. A. PRILL AND B. W. HAMMER 


use of different colorimetric methods ; the methods have been reviewed (7, 9). 
Prill and Hammer (9) recently investigated changes in contents of these 
compounds during manufacture of butter. 


METHODS 


Except for one sample, all the butter studied was made in the butter 
laboratory of Iowa State College, largely in the general operation of the 
laboratory.* 

The vats of cream, whether sweet or sour, contained approximately 30 per 
cent fat. Sour cream was neutralized to about 0.25 per cent acid prior to 
pasteurization ; following pasteurization (150° F. for 30 minutes) and cool- 
ing, both sweet and sour cream were neutralized to about 0.10 per cent acid. 
The butter culture was made with addition of 0.15 per cent citric acid to the 
milk in order to increase the content of flavor contributants. Ordinarily, 
from 8 to 10 per cent of culture was added to cream and the mixture held cold 
for some hours (often overnight) before churning. The salt added was 
intended to give the butter a content of 2.25 per cent. Additional treatments 
or modifications in the manufacturing procedure are outlined under the 
experiments involved. 

The butter was printed 1 or 2 days after manufacture, at which time the 
original analyses were made, and one-third lb. pieces were wrapped in parch- 
ment paper and placed at three different temperatures, namely, — 10° to 0° F., 
36° to 45° F. and 70° F. At suitable intervals samples were analyzed. 

Diacetyl and acetylmethylearbinol plus diacetyl were determined by the 
colorimetric method of Prill and Hammer (7). For the diacetyl determina- 
tions 100 gm. samples were used; for the acetylmethylearbinol plus diacetyl 
determinations 20 gm. samples were distilled with ferric chloride added. 
Results are recorded as parts per million (p.p.m.). 


RESULTS 


Data on the changes in diacetyl and acetylmethylearbinol plus diacetyl 
contents of butter at various temperatures are presented in four series of 
experiments. Each series involved butter made from the same original lots 
of cream by two procedures differing primarily with respect to only one 
factor. 

Series 1. Salted butter made with regular culture and 
with aerated culture 


The butter for each trial was made by dividing a vat of sweet cream and 
adding 10 per cent regular culture to one portion and 10 per cent aerated 
culture (3) to the other. 

With aerated culture (table 1) both the diacetyl and the acetylmethyl- 


3 The churnings were made under the supervision of Dr. N. E. Fabricius, who is in 
charge of the butter laboratory. 
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carbinol plus diacetyl contents of the butter (the carbinol plus diacetyl was 
determined only in trial 4) were conspicuously higher originally than when 
regular culture was used, as would be expected from analyses of the two 
types of culture (3, 9). This relationship persisted at the lower holding 
temperatures and in some cases at 70° F. 

At — 10° to 0° F. occasional slight decreases in diacetyl contents occurred. 
Presumably, these resulted from chemical changes not involving bacterial 
action. At 36° to 45° F. slight decreases in diacetyl contents were common 
but in a few instances, notably in trial 3 with aerated culture, there were 
conspicuous decreases. Even at 70° F. the diacetyl contents often were 
largely retained for rather extended periods, and this occurred when tallowy 
flavors and other defects developed in the butter. Some of the data suggest 
a slight increase in the diacetyl contents at the higher temperatures during 
the early part of the holding, particularly in trial 1 at 70° F. In general, 
with the high diacetyl contents obtained with the aerated culture the de- 
creases in the contents were relatively greater than with the lower diacetyl 
contents obtained with regular culture. 


Series 2. Salted butter made with and without agitation 
of mixture of cream and culture 


In previous work (8) occasional agitation of a butter culture being held 
at a low temperature usually resulted in significant increases in diacetyl and 
the carbinol contents. These results suggested that introduction of oxygen 
through occasional agitation of a mixture of cream and culture during the 
holding would lead to an increase in diacetyl content of the mixture and of 
the butter made from it. 

For each trial cream and 8 per cent culture were mixed in a small vat. 
Part of this mixture was drawn into cans and held cold while the remainder 
was stirred for 3 minutes every hour, the temperature being kept low. After 
7 or 8 hours each portion was churned. 

In trials 1, 2 and 3 (table 2) the agitation resulted in an increase in 
diacetyl and acetylmethylearbinol plus diacetyl contents of the butter, but 
in trial 4, and several other trials not included, there were no appreciable 
differences. On holding the butter at the various temperatures there were, 
for the most part, only relatively slight changes in the diacetyl and the 
carbinol plus diacetyl contents. 


Series 3. Salted and unsalted butter made with culture 


In each of the two trials the same amount of the same culture was added 
to both sweet and sour cream. After partial working, a portion of the 
unsalted butter was removed while the remainder was salted and completed 
in the usual way. It should be noted that the unsalted butter was made 
from processed cream to which culture had been added but without the ripen- 
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DIACETYL AS A FLAVOR CONTRIBUTANT 


TABLE 3—(Continued) 


Special unsalted butter from highly ripened cream 


Holding temp. of butter Days butter Ae, Ame+ Ac 
held p-p-m,. p-p-m. 
0 0.83 13.9 
10° to 0° F. .70 13.5 
9 49 20.0 
16 36 15.4 


ing used when a high flavor is desired in unsalted butter; moreover, the 
working was less than normal although the butter was not leaky. 

With the salted butter from both sweet and sour cream (table 3), changes 
in diacetyl and acetylmethylearbinol plus diacetyl contents were slight. In 
the case of the unsalted butter made from sweet and sour cream the changes 
were slight at —- 10° to 0° F., but at temperatures permitting the activity of 
butter culture organisms very marked changes occurred. Apparently, the 
operation of unknown factors prevents generalizations in regard to the direc- 
tion of these changes over a long period. Thus, in the unsalted sweet cream 
butter of trial 1 held at 36° to 45° F., the diacetyl values first increased and 
then decreased markedly, while the values for the carbinol plus diacety] soon 
fell to low values; whereas at 70° F. the diacetyl contents tended to be lower 
than originally. In the unsalted sour cream butter of trial 1 held at 36° to 
45° F., the diacetyl content increased progressively while the carbinol plus 
diacetyl content fell to low values; at 70° F. the content of these substances 
decreased. In the unsalted sweet cream butter of trial 2 held at 36° to 
45° F. both diacetyl and carbinol plus diacetyl contents increased markedly, 
whereas at 70° F. the increases were still greater. In the unsalted sour cream 
butter of trial 2 held at 36° to 45° F. diacetyl and ecarbinol plus diacety] 
contents decreased slightly, but at 70° F. there were marked increases fol- 
lowed by decreases. 

In some of the unsalted samples acetylmethylearbinol plus diacetyl con- 
tents decreased to such low values that the ratios of acety|methylcarbinol plus 
diacetyl to diacetyl were much lower than ordinarily would be expected for 
butter made with culture. 

The special sample of unsalted butter was obtained from a plant regularly 
making high flavored butter from processed sour cream ripened to a rela- 
tively high acidity. The original analyses were made as soon as the butter 
was received and show very high diacetyl and carbinol plus diacetyl contents. 
At 36° to 45° F. there were decreases in the diacetyl content and increases in 
the carbinol plus diacety! content. 


165 


HAMMER 


PRILL AND B. W. 


E. A. 


166 


ce" L 
£9 re £ | 
OL | | 93° 
st | og | 
| 6L ee" 63° 
SurploH 
€ [PML 
| 93° | IL oF | Lg 65° 
83° 0s ce" 89 
oP 06 or | oF 6. 0} 
| ce" 6 6 | 9g ia o9f 
9° GL 9°¢ cg 0 
jo 
SurploH 


pup pappv puv apow 49))nq payyos Jo sjuajzuoo (op +owp) snjd puv 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
4 


DIACETYL AS A FLAVOR CONTRIBUTANT 167 


Series 4. Salted butter made with culture and with addition 
of diacetyl to the butter 


For each trial a batch of sweet cream was divided. To one portion 8 per 
cent culture was added, the mixture held overnight and then churned. The 
other portion was held overnight without culture added, and, after churning 
and washing, diacetyl, in the form of a dilute solution, was worked into the 
butter along with the salt. Although the amount of diacetyl added was 
caleulated to make the concentration in the butter the same as the expected 
diacetyl content of the comparison butter, it was not possible to do this 
exactly. 

In general, the changes in diacetyl and acetylmethylearbinol plus diacety] 
contents were relatively slight (table 4). In some cases the diacetyl contents 
of the butter made with added diacetyl decreased relatively somewhat more 
than did the diacetyl content of the butter made with culture, but these 
differences were never very marked. The acetylmethylearbinol plus diacetyl 
contents of butter made without culture were somewhat greater than the con- 
tent of added diacety!. Presumably, this resulted from the carbinol present 
in the original cream which probably had undergone some slight bacterial 
action. 

DISCUSSION 


The analyses of salted butter show a surprisingly high retention of 
diacetyl and of acetylmethylearbinol, even at 70° F. The development of 
tallowiness at this temperature, which is common because of the great effect 
of relatively high temperatures on appearance of the defect, was not accom- 
panied by a sharp decrease in the diacetyl or the carbinol content. Barnicoat 
(1, 2) also reported small changes in diacetyl contents of salted butter held 
frozen, at 14° to 17° F. or at 40° F. Reference should be made to the work 
of King (5) who showed that diacetyl promoted the oxidation of butter fat 
leading to tallowiness and loss of color with the concomitant destruction of 
the diacetyl. However, King used comparatively pure butter fat with a 
relatively high concentration of added diacetyl and, in some cases, rather 
drastic treatments, such as exposure to light. It is probable that in butter 
much of the diacetyl is in the water phase, rather than entirely in the fat as 
was the case in King’s experiments. In general, it appears that the amount 
of diacetyl ordinarily encountered in butter has no significant effect in the 
promotion of chemical defects and that other factors, such as copper content 
of the butter and pH of the serum, are of more importance in this connection. 

In unsalted butter significant changes in diacetyl and in acetylmethyl- 
carbinol plus diacetyl occurred at 36° to 45° F. and at 70° F. and undoubt- 
edly were due to activity of the butter culture organisms. The changes 
involved both increases and decreases, as would be expected from the general 
relationship of the butter culture organisms to these compounds. Slatter 
and Hammer (12) reported a striking production of acetylmethylearbinol 
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plus diacetyl in unsalted butter at temperatures permitting activity of the 
butter culture organisms, and the results of Mohr and Wellm (6) also indicate 
significant changes in unsalted butter and lesser changes in lightly salted 
butter. An increase in diacetyl in unsalted butter is probably an important 
factor in the flavor development which this product often undergoes. A 
subsequent decrease presumably is accompanied by a partial loss of flavor. 


SUMMARY 


In general, salted butter (about 2.25 per cent salt) made with different 
manufacturing procedures showed only relatively slight changes in diacetyl] 
and acetylmethylearbinol plus diacetyl contents when held frozen or at 36° 
to 45° F. Even at 70° F., at which temperature chemical deterioration is 
especially rapid in butter, the contents of these substances were largely 
retained for considerable periods. 

In the case of unsalted butter the changes at — 10° to 0° F. were relatively 
slight, but at 36° to 45° F. or at 70° F. significant changes occurred, both 
increases and decreases being involved. 
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EFFECT OF SALTING CURD FOR BLUE CHEESE’ 


Cc. B. LANE anv B. W. HAMMER 
Iowa State College, Ames, Iowa 


The salt used in various dairy products has a number of effects. It defi- 
nitely influences the flavor, and even with such products as milk, buttermilk 
and ice cream it may be employed to bring out flavor. In the concentrations 
used with certain products, salt has pronounced preserving powers. For 
example, over a wide temperature range salted butter ordinarily undergoes 
microbiological changes more slowly than unsalted butter. Organisms differ 
in their salt tolerance, and as a result a certain concentration may greatly 
modify the flora of a product by largely preventing development of certain 
species and having little effect on others. 

In the manufacture of blue cheese, salt is incorporated by covering the 
surface with dry salt or by floating the cheese in brine. Salting is usually 
begun when the hoops are removed the day following preparation of the curd. 
Certain blue-veined cheeses commonly have a relatively high salt content and 
such a content, together with one or more additional factors, favors the domi- 
nance of the characteristic mold in the cheeses (1, 3). 

Preliminary studies suggested that in the manufacture of blue cheese 
there were certain advantages in adding some salt to the curd at the time of 
hooping, and accordingly more detailed studies were carried out. 


GENERAL PROCEDURE 


The effect of salting curd for blue cheese was studied with cheese manu- 
factured from homogenized milk (2). In making each comparison, the curd 
necessary for two cheeses was dipped on a cloth, and as soon as draining was 
reasonably complete, mold powder was mixed with the curd. One hoop was 
filled with half the curd; salt (2 per cent in most trials) was mixed with the 
remainder after which it was put into a hoop. The cheeses were then finished 
in the usual manner and salted with dry salt. At intervals during a 4-month 
ripening period the cheeses were examined by cutting segments from them ; 
after each examination the freshly cut surfaces were paraffined. 


RESULTS 


In the early trials the amounts of salt mixed with the curd varied from 
2 to 5 per cent of the estimated curd weight. Addition of more than 2 per 
cent salt tended to destroy the fusing properties of the curd particles and to 
retard development of mold so the later comparisons were made entirely with 
2 per cent. 

Received for publication July 19, 1939. 
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Most of the trials were carried out in connection with a study of the effect 
of various strains of mold on ripening of blue cheese, in which mold powders 
prepared from the strains were mixed with portions of the same curd. Thus, 
a series of comparisons involved the use of various molds, employed with and 
without salting of the curd, on the same original lot of curd. 

TABLE 1 
Mold growth, color and flavor of blue cheese made with and without salting of curd 


Series | Compari- Mold growth = maids a Flavor 

_ — salted | unsalted salted unsalted 
1 good good salted lighter fair butyric* 
2 good good no difference good good 
3 good fair salted lighter fair musty 
+ good poor salted lighter good fermented 
5 good good no difference good good 

9 6 good good salted lighter fair butyric 
7 good poor salted lighter good fair 
8 good good salted lighter good fair 
9 good poor salted lighter fair butyrie 
10 good good no difference fair fair 
11 good good salted lighter good fair 
12 good fair salted lighter good good 
1 good good salted lighter good good 
2 good good salted lighter good good 
3 good good salted lighter good fair 
4 good good salted lighter fair fair 
5 good poor salted lighter fair butyric 

10 6 good fair salted lighter musty musty 
7 good good salted lighter good good 
8 good good salted lighter good butyrie 
9 good poor salted lighter fair fair 
10 good | good salted lighter musty musty 
11 good | fair salted lighter fair musty 
12 good good salted lighter good fair 
13 poor poor salted lighter unclean 


unclean 


* Flavor suggests butyric acid. 


The mold growth, color and flavor of two representative series of cheese, 
made with and without salting the curd, are given in detail in table 1. The 
data show that salting the curd had an effect on mold development in the 
cheese. With 5 of 12 comparisons in series 9, and with 4 of 13 comparisons 
in series 10, mold growth was considered more satisfactory when the curd was 
salted than when it was not; in the remaining comparisons no appreciable 
difference was noted. Cheese from salted curd was lighter in color, and 
therefore was more desirable from the color standpoint, than cheese from 
unsalted curd with 9 to 12 comparisons in series 9 and with all comparisons 
in series 10. The flavor of cheese from salted curd tended to be superior to 
that of cheese from unsalted curd. Certain flavors, such as musty, fer- 
mented or butyric, were sometimes present in cheese from unsalted curd 
when they were absent in cheese from salted curd, but salting the curd did 
not entirely eliminate off flavors. 


| 
3 


EFFECT OF SALTING CURD FOR BLUE CHEESE 171 


Table 2 summarizes results obtained in 10 series of cheese made with and 
without salting the curd. The effect of the salting was essentially the same 


TABLE 2 


Summary of mold growth, color and flavor of blue cheese made with and 
without salting of curd 


Mold growth Color Flavor* 
Series compari- ited | no ted no | salted ited no 
sons | differ- | | differ. | differ- 
etter ane lighter | ene better | better 
1 8 3 5 6 2 4 | 1 3 
2 8 5 3 8 0 3 0 5 
3 8 4 4 6 2 5 0 3 
4 8 1 7 5 3 4 1 3 
= 8 3 5 8 0 6 0 2 
6. s 5 3 8 0 3 | 1 4 
Picea s 4 4 7 1 6 0 2 
Raa X 3 5 8 0 + 1 3 
| 5 7 3 2 | 3 
10... 13 4 9 3 0 6 1 6 


* In some cases when both cheese in a comparison were given the same general flavor 
description, one was better than the other; such differences are taken into account in the 
tabulation. 
as in the individual series, in that mold growth was sometimes improved, the 
color was rather regularly lighter and there was less tendency to develop off 
flavors. 

DISCUSSION 


When salt is mixed with blue cheese curd just before hooping, a portion 
of it is carried away in the whey that drains from the curd. Presumably, 
the percentage lost is not constant. However, with normal salting of the 
cheese, no serious irregularities in salt content of the ripened product were 
encountered. 

The somewhat better mold growth in the cheese when the curd was salted 
probably was due primarily to the comparatively open texture that accom- 
panied this procedure. The lighter color that rather regularly resulted pre- 
sumably was due to an increase in stability of the curd, which kept the fat 
well dispersed ; in studies on delayed salting of blue cheese, Lane and Hammer 
(2) noted that the more the salting was delayed the deeper became the color. 
The effect on the flavor suggests that the salt in some cases may have limited 
the growth of certain undesirable organisms. Since off flavors sometimes 
were encountered with salting of the curd, the inhibition was by no means 
complete. 

By salting the curd, the general effects of salt on the cheese are initiated 
sooner than without such salting because the salt penetrates from the surface 
rather slowly. 

In blue cheese manufacture, salting of the curd has become standard 
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practice in the cheese laboratory at Iowa State College. It also has been 
found useful in certain commercial plants. 


SUMMARY 


In the making of blue cheese, addition of 2 per cent salt to the curd just 
before hooping sometimes resulted in better mold growth in the cheese, rather 
regularly gave a lighter color and tended to control certain flavor defects. 
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RELATIONSHIP OF ACID NUMBER VARIATIONS TO THE 
QUALITIES AND FLAVOR DEFECTS OF 
COMMERCIAL BUTTER’ 


E. L. FOUTS 
Dairy Department, Oklahoma A, and M, College, Stillwater, Oklahoma 


Changes occurring in the fat of butter are of great importance from the 
standpoints of flavor and keeping quality of the product. Hydrolysis of the 
fat may set free some of the lower fatty acids, particularly butyric, caproic 
and caprylic, causing a condition commonly referred to as rancidity, consti- 
tuting one of the most serious defects occurring in butter. Rancidity fre- 
quently develops in samples of commercial butter when they are subjected to 
keeping quality tests. 

In butter made from unheated cream the lipase normally present in milk 
may cause fat hydrolysis. However, this enzyme is readily destroyed by the 
usual pasteurization procedure. Since there is little opportunity for signifi- 
cant recontamination of pasteurized cream or of butter with lipase, it prob- 
ably has little effect on the keeping qualities of commercial butter. 

Many micro-organisms are able to hydrolyze butterfat. Organisms of 
this type are widespread in nature, often being present in raw cream, water 
and dairy plant equipment. They are ordinarily killed by pasteurization but 
recontamination after pasteurization may occur. If such organisms gain 
entrance to pasteurized cream in sufficient numbers and find conditions suit- 
able for growth, they may cause serious defects in the resulting butter. Salt 
retards the growth of these organisms, so that they produce the most serious 
defects in unsalted butter. 

The acid number has proved to be a valuable adjunct to the organoleptic 
method of determining the degree of hydrolysis in the fat of cream or butter. 
However, certain organisms may utilize fatty acids as food. Also, when the 
cream acidity is standardized the acids in the fat as well as those in the serum 
are partially neutralized. Under such conditions the acid number is not an 
exact index to the degree of fat hydrolysis. 

Samples of commercial butter of varying qualities were studied to deter- 
mine any possible correlation between acid number of the fat and quality of 
the butter. Both unsalted and salted butter were used. 


ACID NUMBER OF BUTTERFAT 


The usual method of expressing the acid number of fat is as the number 
of milliliters of N/1 alkali required to neutralize the free acid in 100 gm. of 
fat. All references to acid number will imply this meaning. The butter 

Received for publication July 31, 1939. 
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samples were melted, the fat aspirated off and filtered through paper. The 
samples were melted and filtered in a 45° C. incubator. 

The acidity of the fat was determined by the method devised by Breazeale 
and Bird (1). Ten gm. of filtered fat were weighed into a 125 ml. Erlen- 
meyer flask, 25 ml. of petrolic ether and 10 ml. of absolute ethyl aleohol were 
added, and the contents of the flask thoroughly mixed. The petrolic ether 
dissolved the fat and fatty acids and the alcohol dissolved any soap formed 
during the titration. Ten drops of alcoholic phenolphthalein were added and 
the sample was titrated against N/10 potassium hydroxide made up in abso- 
lute alcohol. The number of milliliters of N/10 potassium hydroxide re- 
quired to neutralize the free acid in 10 gm. of sample corresponded to the 
acid number of the fat. 


UNSALTED BUTTER 


The unsalted butter came from various Iowa creameries and was obtained 
through a marketing association. The samples were examined for flavor 
defects immediately on receipt and after 2, 4 and 6 days at 21° C. After 
the 6 days, the fat acid numbers were determined. Whenever sufficient quan- 
tities of samples were available, acid numbers of the fat of the fresh butter 
were also determined. 

Table 1 shows the data on 14 samples of butter. The samples were divided 
into two groups, those not developing rancidity during holding at 21° C. and 
those which did. The acid numbers of the fat were not determined in the 


TABLE 1 


Relationship of acid number to the general quality of unsalted butter (Samples from 
various Iowa creameries ) 


Flavor of butter after incubating at 21° C, per ow 
Sample of fat after 
6 days at 
2 days 4 days 6 days 21° C. 
Samples not developing rancidity 
1 | good good good 3.4 
2 good good good 2.6 
| good good | good | 3.6 
good good good 4.0 
good good good 13.6 
eee good | good good 2.3 
7 good good good 1.0 
8 good good | good 2.9 
9 good good | good 2.4 
Samples developing rancidity 
skunk odor skunk odor | vTaneid 4.8 
ester odor* rancid |  v. rancid 6.2 
Be ester odor* rancid sl. rancid 10.8 
ester odor* rancid raneid 5.6 
14 rancid rancid | raneid 5.8 


* The ester odor definitely suggested the odor produced in butter by Ps. fragi. 
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fresh samples but judging from titrations of many similar samples, it is 
probable that the original acid numbers were all less than 1.0. In examina- 
tion of these samples particular attention was given to the detection of 
rancidity. 

In general, the samples which became rancid developed the higher acid 
numbers. Samples 10 to 14 inclusive became rancid and in general the acid 
numbers were considerably higher than of the non-rancid samples. Sample 5 
was an exception having a good flavor and yet having an acid number of 
13.6; also samples 1, 3, 4 and 8 had higher acid numbers than are usually 
found in non-rancid butter. 

The results on another series of 32 samples are given in table 2. The 
samples were again divided into those not developing rancidity and those 


TABLE 2 


Relationship of acid number to the general quality of unsalted butter (Samples from 
various Iowa creameries) 


Flavor of butter after incubating at 21° C, Acid number of fat 


2 sl. rancid 


mean | 2 days | 4 days | 6 days Fresh After 6 days 
at 21°C. 
Samples not developing rancidity 

1 cheesy cheesy cheesy 0.7 1.2 

2 good good good 7 8 
3 good good good m 9 
+ good | good good m 8 
5 good good good 6 4 
6 good good | good P 2.8 
7 good good good 6 1.8 
8 good good good 6 9 
9 good good good 9 1.3 
10 good good good 6 1.1 
11 good good good 5 1.0 
12 good good good 7 1.8 
13 good good good 38 2.2 
14 good good good J 1.6 
15 good good good mi 3.1 
16 good good good a 9.8 
17 good good good 7 1.0 
18 good good | good 6 1.0 
19 good good | good 6 1.4 
20 good | good good mi 1.0 
21 cheesy | cheesy cheesy ej 1.5 
22 good | good good 8 18 
23 good good good a 1.4 
24 good | good good a 1.0 
25 good | good good 6 11.6 

Samples developing rancidity 

26 good good sl. rancid P 2.8 
27 good good sl. rancid 6 3.2 
28 ...... sl. rancid rancid rancid 11 2.4 
29 good good sl. rancid 7 14.0 
30 ...... cheesy sl. rancid sl. rancid 8 4.8 
31 sl. rancid rancid | raneid 8 7.6 
sl. rancid sl. rancid 6 5.2 
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which did. The acid numbers of the fat when the butter was received were 
below 1.0 in all cases except sample 28, which was 1.1 After 6 days at 21° C., 
the acid numbers of the non-rancid samples ranged from 0.8 to 11.6; the 
rancid samples from 2.4 to 14.0. In general, the non-rancid samples had 
relatively low fat acid numbers, 2, 3, 4, 8, 9, 10, 11, 17, 18, 20 and 24 having 
acid numbers of 1.0 or slightly higher after 6 days at 21° C. Samples 16 
and 25 were exceptions with acid numbers of 9.8 and 11.6 respectively. Of 
unusual interest were samples 28 and 31. Neither sample was rancid when 
received but within 2 days sample 28 became slightly rancid and only in- 
creased from the original acid number of 1.1 to 1.6. Sample 31 became 
distinctly rancid during the same period and only increased from 0.8 to 1.3. 

It may be noted in the samples developing rancidity after holding, that 
other flavor defects frequently preceded the rancid odor and flavor. In 
some cases an ester odor was the first indication of the approach of rancidity. 
The ester odor definitely suggested the odor produced in butter by Ps. fragt. 
In every sample in which the ester odor was present, rancidity soon followed. 
A cheesy flavor occasionally preceded rancidity ; however, all samples showing 
cheesy flavor did not become rancid during the 6 day holding period. 

These contrasting conditions in which some of the non-rancid samples had 
high acid numbers and some rancid samples had low acid numbers agree with 
the findings of Guthrie (2) that there is little correlation between the acid 
number of butterfat and the development of rancidity. It is possible that 
some lipolytic organisms have a selective action on certain of the glycerides of 
the fatty acids. In the one case only the higher acids may be liberated which 
yield increased acid numbers on the fat without causing serious off-flavors. 
Other organisms may liberate primarily the lower fatty acids including a 
small quantity of butyrie acid, which while insufficient to increase the acid 
number, may cause a rancid flavor. Results reported later show that certain 
organisms, particularly O. lactis, when growing in cream or butter liberate 
only a very small amount of volatile acid from the fat. This may be a selec- 
tive action on the fats or the lower acids may be consumed by the growing 
cells as rapidly as they are liberated as suggested by Orla-Jensen (3). 


TABLE 3 


Relationship of acid number to the general qualily of salted butter (Samples entered 
in the 1938 National Cold Storage Contest) 


Sample Score | Acid number 
1 94 0.6 
a 92 d 
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SALTED BUTTER 


The salted butter came from various scoring contests and exhibits and in 
general was two or more weeks old when received. 

The data in table 3 show the acid numbers of 8 samples of fine quality, 
lightly salted contest butter scoring 92 to 95. These samples were obtained 
from creameries submitting entries in the 1988 National Cold Storage butter 
contest. The acid numbers of the samples ranged from 0.5 to 0.8 and were 
little different from the acid numbers of fat of average quality commercial 
salted butter as shown in table 4. 

Table 4 shows the acid numbers of the fat of 27 samples of butter from an 
Iowa State College Educational Butter Scoring Contest. Some of these 


TABLE 4 


Relationship of acid number to the general quality of salted butter 
(Samples from Iowa State College Educational Butter Scoring Contest—some made from 
neutralized cream) 


Sample Origin of butter Seore Acid number 
93.0 0.8 
3 92.5 
3 Texas 90.0 6 
4 Towa 91.5 a 
5 Iowa 92.0 5 
6 Towa 91.5 8 
7 lowa 92.0 a 
8 Orgeon 91.0 38 
9 Nebraska 91.5 

10 Towa 91.5 
11 Iowa 92.0 6 
12 Iowa 93.0 
13 Iowa 90.0 
14 Towa 90.5 
15 Towa 91.0 
16 Iowa 91.0 
17 Iowa 91.0 
18 91.0 
19 lowa 91.5 
20 Iowa 91.5 6 
21 Iowa 90.5 5 
22 lowa 91.0 
23 Towa 91.0 
24 Towa 91.0 6 
25 Iowa 90.0 6 
26 Towa 90.5 mi) 
27 Iowan 90.5 7 


samples were made from neutralized cream. The scores ranged from 90 to 93 
and the acid values from 0.5 to 0.8. Judging from the scores of the lots of 
butter there must have been considerable difference in the qualities of the 
cream from which they were made. It appears that there was little correlation 
between acid numbers of the fat of neutralized cream butter and the quality 
of the cream from which it was made. In fact sample 1 a 93 score butter, 
had an acid number of 0.8 while sample 3, a 90 score butter, had an acid 
number of 0.6. 
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The data shown in table 5 indicate that Oklahoma butter exhibited at 
the Oklahoma State Fair had slightly higher fat acid numbers than Iowa 


TABLE 5 


Relationship of acid number to the general quality of salted butter 
(Samples exhibited at the 1938 Oklahoma State Fair) 


Sample Score | Acid number 
1 92.0 | 14 
92.5 6 
4 93.0 8 
90.5 5 
- 92.0 8 
7 92.0 1.0 
8... 89.0 2.2 
9 93.0 6 

10 92.0 6 
92.0 6 
12 89.0 1.8 
13 89.5 
14 92.5 6 
15 90.0 7 
16 93.0 
17 90.0 8 
18 89.5 
19 88.5 1.2 
91.5 1.7 
21 90.0 9 
22 90.0 1.0 
23 90.0 1.0 
24 90.5 9 
25 91.0 9 


butter of similar quality. The exact age of these samples and the conditions 
under which they were manufactured were not known. Possibly the age and 
quality of the cream when churned, age of the butter and period of lactation 
of the producing cows may have influenced the acid values. 


DISCUSSION 


In reviewing the studies on unsalted and salted commercial butter of 
widely varying qualities, certain observations should be pointed out. There 
was no definite relationship between the acid number of the fat of unsalted 
butter and flavor defects. The fat of fresh unsalted butter invariably had 
low acid numbers and increases after holding 6 days at 21° C. were always 
evident. About 25 per cent of the samples of unsalted commercial butter 
observed became rancid during the holding period. In the samples not devel- 
oping rancidity with a few exceptions, the increases in the acid numbers were 
small. In the samples developing rancidity however, the increases were 
significant although exceptions to this generalization were also encountered. 
Some samples of unsalted butter of good flavor had very high acid numbers 
after the holding period while certain rancid samples had low acid numbers. 
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Many samples of salted butter were subjected to keeping quality tests but 
since very few of the samples became rancid, acid values were not determined 
after the holding period. The acid numbers of the fat of fine quality, lightly 
salted contest butter were similar to those of commercial salted butter of 
considerably lower quality. There was no correlation between the scores of 
salted butter and the acid numbers of the fat. 


CONCLUSIONS 


1. Most samples of unsalted butter increased in acid numbers of the fat 
during holding for 6 days at 21° C. 

2. When samples of commercial unsalted butter were held at 21° C., 
approximately 25 per cent became rancid within 6 days. 

3. No close correlation existed between the acid number of the fat and the 
quality of commercial unsalted butter ; butter of good quality often had rela- 
tively high acid numbers, while some rancid samples had relatively low acid 
numbers. 

4. When samples of commercial salted butter were held at 21° C., com- 
paratively few of the samples became rancid in 6 days. 
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THE COMPARATIVE NUTRITIVE VALUE OF BUTTER FAT 
AND CERTAIN VEGETABLE OILS* 


E. J. SCHANTZ, C. A. ELVEHJEM, anv E. B. HART 


Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 


In our early work on the relation of fat to the utilization of lactose in 
milk (1) it was noticed that when feeding different fats as supplements to 
skimmed milk diets the young rats grew slightly faster and appeared to 
have a better coat of hair when fed butter fat as compared with corn oil or 
coconut oil. Beeause of these observations it was thought advisable to carry 
out specifie feeding trials with different fats incorporated into a skimmed 
milk diet. 

The work of Evans and Burr (2), Burr and Burr (3), and Evans and 
Lepkovsky (4) has established the fact that certain unsaturated fatty acids 
are necessary in the nutrition of the rat. These workers have shown that 
rats placed on fat-low diets develop a deficiency disease which is corrected 
by incorporating smal] amounts of linoleic, linolenic, or arachidonic acids 
in the diet. Holt (5) has reported that olein, olive oil, and soybean oil are 
superior to butter fat in the nutrition of premature infants because these 
fats are more readily absorbed than butter fat. Recently Gullickson and 
Fountaine (6) have observed the superior nutritive value of butter fat over 
certain vegetable oils in the nutrition of the calf. Aside from these studies 
we are unaware of any clear-cut evidence that one fat is superior to another 
in normal nutrition. 

EXPERIMENTAL 


Weanling rats about 21 days old and weighing about 40 grams or less 
were used for these studies. The different fats were separately homogenized 
into skimmed milk with a small hand homogenizer. A small portion of 
skimmed milk was heated to about 40° C. and the fat to be added was 
weighed out, melted, and the two ingredients homogenized. The homog- 
enized material was then diluted with cold skimmed milk to bring the 
fat content to 4 per cent. Twenty micrograms of crystalline §-carotene 
were added to each gram of fat except butter fat to which were added 
ten micrograms of (-carotene as a source of vitamin A. All animals 
were irradiated ten minutes each day. The fats used were fresh 
and the butter fat was obtained from salt-free butter. Fresh skimmed milk, 
obtained daily from the University Creamery, was used throughout the ex- 
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periments. Analysis showed that this skimmed milk contained 0.04 per cent 
of butter fat. All milks were mineralized with iron, copper, and manganese 
so that each 100 ce. of milk contained 1.5 mg. of iron, 0.15 mg. of copper, 
and 0.15 mg. of manganese. 

For each experiment three males and three females were placed on each 
milk and all animals were kept in separate cages. The animals were treated 
as nearly alike as possible and were fed the milk ad libitum but care was 
taken not to give an animal much more than it would consume in a day 
because of the danger of fat separation and the animal consuming more fat 
in proportion to other ingredients in the milk. All animals were weighed 
weekly. 

In the first trials the following diets were fed: 

Skimmed milk plus butter fat to make four per cent fat 

coconut oil 
In later trials cottonseed oil and soybean oil were fed in the same manner 
as the above fats. The results from the first experiments indicated that the 
rats on butter fat made better gains and were much better appearing during 
the first three weeks of the experiment than the animals on corn oil or coco- 
nut oil. These animals were carried through to maturity and the females 
in each group mated with a male from the same group. All females on the 
three fats showed normal estrous cycles. Normal litters were obtained from 
all females on butter fat and all pups were raised to maturity. The litters 
from the females on corn oil were usually small and some of the pups were 
weak and died shortly after birth. The mother would usually eat the rest 
of the litter within a few days. Occasionally the udders of the females on 
corn oil would be caked, swollen, and sensitive to touch. No litters were 
obtained from the females on coconut oil. However, the females became 
pregnant but the fetuses were reabsorbed, which suggested a vitamin E 
deficiency. Administration of 2-3 mg. of pure natural g-tocopherol relieved 
the reproduction difficulties, but the pups were in very poor condition. No 
pups obtained from the females on corn oil or coconut oil after administra- 
tion of a-tocopherol could be raised and the experiment had to be discon- 
tinued. In subsequent experiments 100 micrograms of synthetie q-to- 
copherol, dissolved in aleohol, were added to all milks once each week. No 
minerals were added to the milk on the days when the g-tocopherol was fed 
in the milk. 

The results obtained on several successive experiments representing 36 
rats on each fat supported the earlier observations that the rats on butter 
fat made more rapid gains during the first three weeks of the experiment 
than the rats on corn oil and coconut oil. In recent experiments 12 rats on 
cottonseed oil and 6 rats on soybean oil were included in the feeding experi- 
ments. The growth obtained on the latter fats incorporated into skimmed 
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milk was similar to that obtained on corn oil and coconut oil during the 
first two or three weeks. After this period of time the animals on the vege- 
table oils grew as well as the animals on butter fat but still were inferior in 
appearance ; the hair coat being coarser and dull in appearance. The weight 
records of these animals are represented in charts I and II. The curves in 
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Cuart I. Curves showing average weights for each week for male and female rats, 
representing 36 rats (18 males, 18 females) on each of the following fats: butter fat, 
corn oil, and coconut oil, 12 rats (6 males, 6 females) cn cottonseed oil, and 6 rats (3 
males, 3 females) on soybean oil. 
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CuHart II. Average gain made during the first three weeks on experiment by male 
and female rats representing 36 rats (18 males, 18 females) on each of the following 
fats, butter fat, corn oil, and coconut oil, 12 rats (6 males, 6 females) on cottonseed 
oil, and 6 rats (3 males, 3 females) on soybean oil. 


chart I represent the average weights for each week for the male and female 
rats. Chart II represents the gain made by the male and female rats during 
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the first three weeks on all experiments. The gains made by the male rats 
on butter fat during the first three weeks were 22 per cent greater than on 
corn oil, 23 per cent greater than on coconut oil, 14 per cent greater than on 
cottonseed oil, and 26 per cent greater than on soybean oil. The gains made 
by the female rats on butter fat on the same experiment were 24 per cent 
greater than on corn oil, 38 per cent greater than on coconut oil, 9 per cent 
greater than on cottonseed oil, and 9 per cent greater than on soybean oil. 
In view of the fact that butter fat consistently gave a better growth 
response, it was considered advisable to add the non-saponifiable fraction 
of butter fat to corn oil and coconut oil in order to make a more comparable 
experiment and determine if the growth differences still existed. The non- 
saponifiable fraction of butter fat was prepared as follows (7). One hun- 
dred grams of melted butter fat were poured into 200 ee. of 20 per cent 
alcoholic potassium hydroxide solution and the saponification allowed to 
proceed for four hours at 37° C. The material was then diluted with 800 
ee. of water and extracted several times with ether. The ether solution was 
washed twice with water and evaporated to dryness under vacuum. The 
remaining material was then taken up in 100 grams of the oil to be fed. 
Since ten micrograms of B-carotene were added to each gram of butter fat 
used for making the butter fat milks, ten micrograms of carotene were added 
to each gram of corn oil and coconut oil containing the non-saponifiable ma- 
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Cuart III. Average gain made during the first three weeks on experiment by male 
and female rats representing 18 rats (9 males, 9 females) on each of the following fats: 
butter fat, corn oil plus non-saponifiable fraction of butter fat and coconut oil plus non- 
saponifiable fraction of butter fat. 
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terial. The animals were irradiated and treated exactly as in the experi- 
ments previously described. g-Tocopherol was added to the milk once each 
week. Three trials have been carried out comparing butter fat with corn 
oil and ecoeonut oil plus the non-saponifiable fraction of butter fat represent- 
ing 18 animals on each fat. The rats on the fats with the non-saponifiable 
fraction of butter fat added showed no better response than the animals fed 
the fats without the non-saponifiable fraction. Chart III illustrates the 
gain made by these animals during the first three weeks on the experiments. 
Comparison of chart III with chart IT or IV clearly illustrates that the 
inferior growth obtained on the corn oil and coconut oil milks is not cor- 
rected by adding the non-saponifiable fraction of butter fat to these fats. 
The data on the growth and food consumption in a single experiment 
(experiment 8) involving the five fats are represented in chart IV and 
tables 1 and 2. In the case of the corn oil and coconut oil, the non-saponi- 


TABLE 1, ExpPerRIMENT 8 


Average daily gains for each week for male and female rats 
(6 animals on each fat—3 males, 3 females) 


Males 
Week Butter | Corn Coconut Cottonseed Soybean 

fat oil oil oil oil 

gm. gm. gm. gm. gm. 

1 2.8 17 2.3 2.3 1.8 
2 4.5 3.7 3.8 4.0 3.4 
3 3.9 2.4 2.9 3.4 3.4 
+ 3.7 3.3 3.4 2.0 3.0 
5 3.3 4.1 5.0 3.3 4.7 
6 3.4 3.6 2.6 3.9 4.7 

Females 

gm. gm. gm. gm. gm. 

1 2.6 1.8 2.1 2.1 1.7 
2 3.8 3.1 3.0 3.5 3.4 
3 3.4 2.9 2.6 3.1 3.0 
o 3.3 2.0 14 2.4 2.4 
5 2.9 3.4 2.7 2.0 2.7 
6 2.0 2.0 2.0 1.7 2.1 


fiable matter of butter fat equal to that in the four per cent of butter was 
added. Chart IV illustrates the gain made during the first three weeks on 
the experiment. Table 1 shows the average daily gains made by the male 
and female rats during each week of the experiment. The differences in 
growth rate appeared most noticeable and consistent during the first three 
or four weeks. During this period the rats on butter fat gained from one- 
half to one gram more than the animals on the vegetable oils. Table 2 shows 
the number of ce. of milk required to produce one gram of gain in weight 
during each week of the experiment. With the exception of some variation 
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TABLE 2, ExpPERIMENT 8 


Number cc. milk to produce one gram gain in weight for each week 
(6 animals on each fat—3 males, 3 females) 


Males 
| Butter Corn Coconut | Cottonseed Soybean 
fat oil oil oil oil 
ce. ce. ce. | ee. ce. 
1 10.7 19.9 11.7 12.0 14.6 
2 10.5 10.8 10.8 10.9 11.0 
3 13.7 17.5 17.9 15.0 13.6 
+ 18.3 16.2 20.6 20.0 19.8 
5 20.6 14.6 14.3 23.1 16.4 
6 ; 20.0 16.6 28.3 15.2 16.5 
Average at end 
of 3 weeks. | 11.6 16.0 | 135 12.6 13.1 
Average at end 
of 6 weeks... | 15.6 15.9 17.2 16.0 15.3 
Females 
ce ce. ce. ce ce 
10.6 14.8 12.2 11.9 15.9 
2 11.5 12.3 13.9 12.8 11.5 
3 15.1 18.0 17.9 17.3 15.6 
21.2 23.0 28.3 23.0 27.6 
5 22.4 18.8 20.1 26.0 20.7 
27.1 22.0 28.3 29.3 31.7 
Average at end . 
of 3 weeks... | 12.4 15.0 14.6 14.0 | 14.3 
Average at end 


of 6 weeks... | 18.0 18.1 20.1 20.1 20.5 


the butter fat milk appears to be utilized more economically than the other 
milks. This shows well in the average at the end of three weeks but the 
average at the end of six weeks does not show differences in all cases. 

Figure 1 illustrates the differences in growth and general appearance of 
rats at the end of three weeks on butter fat, corn oil, and coconut oil milks. 
Number 1, on butter fat, gained 63 grams; number 7, on corn oil, gained 45 
grams ; and number 13, on coconut oil, gained 40 grams during the first three 
weeks of the experiment. 

Since considerable difficulty was encountered in raising the pups from 
the females on the vegetable oils, even after g-tocopherol was fed, this part 
of the imvestigation, in which all animals have received g-tocopherol 
throughout the experiment, is being repeated. 


DISCUSSION 


While the differences in growth on the different milks were small, the 
growth rates of the animals on the butter fat milk were consistently greater 
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CHart IV (Exp. 8). Average gain made during the first three weeks on experi- 
ment by male and female rats representing 6 rats (3 males, 3 females) on each of the 
following fats: butter fat, corn oil, coconut oil, cottonseed oil, and soybean oil. 


Fic. 1. TIllustration of the differences in growth and appearance of rats after three 
weeks on the following fats homogenized into skimmed milk: butter fat (No. 1) gained 
63 grams; corn oil (No. 7) gained 45 grams; and coconut oil (No. 13) gained 40 grams 
during the first 3 weeks of the experiment. 


during the first two or three weeks of each experiment than the growth rates 
of the animals on the milks containing the different vegetable oils. After 
about three weeks these differences became less apparent. Another impor- 
tant observation in these experiments is that the animals on butter fat had a 
better general appearance and a finer coat of hair than the animals on the 
milks containing the vegetable oils. These points were observed even after 
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the non-saponifiable fraction of butter fat was added to the corn oil and the 
coconut oil. It appears then that the growth-stimulating property of butter 
fat found in these experiments lies in the saponifiable fraction of butter fat. 
However it is possible that the saponification process may have destroyed 
the growth-stimulating property but this point cannot be definitely settled 
until the fatty acid fraction of butter fat is fed along with the vegetable 
oils. The saponification was carried out at 37° C. to prevent, as much as 
possible, any destruction of growth factors. There is also the possibility 
that the change from the milk of the mother to the milks fed in these experi- 
ments is greater for the vegetable oils than for butter fat and the animals 
lose time in becoming accustomed to the different milks. However, in many 
cases the animals did well for the first week and then dropped off in growth, 
which points to the possibility of some deficiency of a factor necessary for 
optimum growth rather than adaptation to the different milks. If a de- 
ficiency of some factor does occur in the young animals on the vegetable oil 
milks, the animals apparently supply themselves with the factor after a 
time since the growth rate becomes equal to that on butter fat. The fact 
that corn oil did not give optimum growth indicates that the inferior growth 
is not caused by the lack of the now recognized essential unsaturated fatty 
acids. 

The food consumption records of the animals on the different milks show 
that the butter fat milk was utilized more economically for growth than the 
milks containing the vegetable oils. This was true especially during the 
first part of the growing period. Holt (5) has reported that soybean oil is 
superior to butter fat in infant nutrition because this oil is more easily 
absorbed than butter fat. In our work soybean oil was found to be much 
inferior to butter fat, especially during the first week of the experiment 
(tables 1 and 2). However, in our work it was observed that the animals 
on the soybean oil milk and cottonseed oil milk had gained more weight 
within the first three weeks than the animals on the corn oil and coconut oil 
milks but still were inferior to the animals on the butter fat milk. Gullick- 
son and Fountaine (6) found that calves about one week of age placed on 
certain vegetable gils homogenized into skimmed milk died after a time 
while calves on butter fat homogenized into skimmed milk grew normally. 
If we could have started our rats earlier than three weeks of age and pre- 
vented the pups from receiving the fat from the mother’s milk, greater 
differences in weight and appearance might have resulted. 

The data on growth have been treated statistically and found to be 
significant. 

CONCLUSIONS 


Good growth was obtained in rats on a diet of four per cent butter fat, 
corn oil, coconut oil, cottonseed oil, or soybean oil homogenized into min- 
eralized skimmed milk. Sufficient quantities of all known vitamins were 
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supplied to each diet. However, rats on butter fat made better and more 
efficient gains during the first two or three weeks on the experiment than 
rats on the vegetable oils homogenized into skimmed milk. This growth- 
stimulating property of butter fat appeared to lie in the saponifiable frac- 
tion since feeding the non-saponifiable fraction along with corn oil or ecoeo- 
nut oil did not give the same response as was obtained with butter fat. Rats 
raised on butter fat milk had a much better appearing coat of hair through- 
out the experiment than the rats raised on the vegetable oil milks. 
It appears that the kind of fat in the diet is important in the nutrition of 
the young growing animal. 
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THIRTY-FIFTH ANNUAL MEETING, PURDUE UNIVERSITY 
WEST LAFAYETTE, INDIANA, JUNE 24-28, 1940 


CALL FOR TITLES AND ABSTRACTS OF PAPERS 


Since the abstracts of papers to be presented at our annual meeting in 
June are to be published in the June number of the JourNnaL or Dairy 
ScIENCE, it is necessary for us to have all abstracts in our hands by April 15. 
Please send titles and abstracts to Dr. B. E. Horrall, Department of Dairy 
Husbandry, Purdue University, West Lafayette, Indiana. 


TWENTY-YEAR INDEX 


A twenty-year index is being prepared and will be published sometime 
during the year. 


BACK COPIES 


The Association has on hand back copies of the Journal from Volume I, 
No. 1, to the present with the exception of Volumes I, XV and XVII. The 
reprinting of these volumes is now being considered and we are interested 
to know whether any of our readers would be in the market for Volumes I, 
XV, XVII, should we have them reproduced. The cost would probably be 
$6.00 per volume as it is for the other back volumes which we have. 
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G. Boustept, Wisconsin, Chairman 
R. B. Becker, Florida R. E. Hopeason, Washington 
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Rules for the Conduct of Students National Contest 
in Judging Dairy Cattle 
I. W. Rupei, Wisconsin, Chairman 
ALISBURY, Ohio E. N. Hansen, Iowa 


S. M.S 
J. R. Dice, North Dakota P. M. Reaves, Virginia 


Standard Methods of Analysis 
W. E. Petersen, Minnesota, Chairman......Blood and Urine analysis 


C. A. Cary, U.S.D.A. . Vitamin study and analysis 
C. F. Hurrman, Michigan comm eeds and Feces analysis 

L. S. Paumer, Minnesota Enzyme study and analysis 
C. W. Turner, Missouri .. Endocrine study and analysis 
C. H. Wurrnan, Kansas tae Milk analysis 
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ABSTRACTS OF LITERATURE 


BACTERIOLOGY 


54. Results of Bacterial Plate Counts of Milk on Three Media and at 
Two Temperatures of Incubation. C. A. ABELE, State Dept. of 
Public Health, Montgomery, Ala. Am. J. Pub. Health, 29: 8, 821, 
1939. 


The author, acting as referee of a committee on Standard Methods for 
the examination of milk and dairy products, analyzed data obtained by 
seven public health laboratories. A total of 335 milk and cream samples 
was plated on the old standard agar, tryptone-glucose-extract-skim milk 
agar (standard since July 1, 1939), and the American Association of Medi- 
eal Milk Commissions agar, the plates were then incubated at 32° C. and 
37° C. 

The results of this study parallel those of other studies conducted, and 
corroborate the conclusions drawn therefrom. The use of the new T-G—E-M 
agar usually resulted in an increase over the plate count on the old stand- 
ard nutrient agar and also, in general, yielded slightly higher counts than 
the American Association of Medical Milk Commissions agar. 

Incubation at 32° C. in combination with the use of the modified agars, 
resulted in increases in plate count of considerably greater magnitude than 
were obtained by the use of these agars and incubation at 37° C. 

M.W.Y. 


BUTTER 


55. Handling Cream between Pasteurizer and Churn. O. F. HuNZIKER. 
Can. Dairy and Ice Cream J., 18: 8, 53, 1939. 


The more important factors which contribute to the development of oily- 
metallic flavor in butter are (1) high acid cream, (2) high fat cream, (3) 
high temperature of pasteurization, (4) prolonged holding after pasteuriza- 
tion and cooling, and (5) the presence of metallic salts. Overworking de- 
creases deterioration due to bacteria but increases that deterioration due 
to chemical action such as oxidation. Excessive washing of butter washes 
out some of the desirable flavor and jeopardizes the keeping quality. Chlo- 
rination of the wash water to make it sterile is suggested. O.F.G. 


56. Preserving Cream with Salt. C. H. Castent anp E. H. Garrarp. 
Can. Dairy and Ice Cream J., 18: 7, 19, 1939. 


The addition of 1 to 5 per cent by weight of salt to 35 per cent cream 
maintained at 77° F. had little or no effeet but both No. 1 cream and ac- 
cumulated cream to which 7 per cent salt was added and which was stored 
at various temperatures showed less acid production and better keeping 
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qualities than normal cream under the same conditions. The presence of 7 
per cent salt considerably inhibited the growth of lactie acid bacteria and 
oxidizing types of organisms but had little effect on the total number of 
bacteria at the end of 8 days storage. Butter made from cream to which 7 
per cent salt had been added showed a better flavor score than butter made 
from normal cream held at considerably lower temperatures. O.F.G. 


CHEESE 
57. Pasteurization of Milk for Cheesemaking. J. (i. Davis. Can. Dairy 
and Ice Cream J., 18: 8, 21, 1939. 


Milk is pasteurized for cheesemaking for the following reasons: (1) to 
destroy fault-producing bacteria, (2) to give a more uniform product, and 
(3) to inerease yield. The high-temperature short time method has the 
advantages of being a continuous process and requires little space. A tem- 
perature of 162° F. for 15 seconds is recommended. Ripening to a typical 
high flavor is slowed by pasteurization. Pasteurization does not become an 
incentive to use poor quality milk. Very few deleterious effects can be 
attributed to pasteurization if correctly done. O.F.G. 


CONCENTRATED AND DRY MILK: BY-PRODUCTS 


58. A New Name for Dry Milk Solids. ANoNymovus. Am. J. Pub. Health, 
29: 10, 1155, 1939. 


The concluding paragraph of this editorial states, ‘‘ Because of the pres- 
ent wide use of dry milk solids and the unfortunate connotations of the 
words ‘skim’ or ‘skimmed’ in the public mind, it has been suggested that 
official designations of this product be changed from ‘dried skimmed milk’ 
to ‘dry milk solids not over 1} per cent fat’, a definition which already has 
been adopted in two or three states. Since this terminology would permit of 
accurate and truthful labelling of a wholesome product, and would tend to 
remove the popular misconception about the real value of skimmed milk, the 
proposed new definition seems reasonable and deserves favorable consid- 
eration.”’ M.W.Y 


DISEASE 


59. Second Report of the Use of Large Doses of Sulfanilamide in the 
Treatment of Chronic Streptococcal Mastitis. W. T. MILLER, 
F. M. Murpock, anp J. O. Heisman, Animal Disease Station, 
U. 8. Bureau of Animal Ind., Beltsville, Md. J. Am. Vet. M. Assn., 
95: 749, 140, Aug., 1939. 


Each of three lactating cows received large doses of sulfanilamide for a 
period of six days in an attempt to cure chronic streptococcal mastitis. The 
streptococci were not removed permanently from the udders of the cows, 


; 
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but temporary removal of these organisms from the milk was observed. The 
cows showed little ill effect from the treatment, except for a temporary de- 
crease in milk production and some loss of weight. The authors state that 
sulfanilamide ean hardly be considered of value in treatment of chronic 
mastitis caused by streptococci but observed that sulfanilamide appeared to 
have a transient inhibitory action on the streptococci in the udder, suggest- 
ing a possible use for it in the treatment of acute attacks of mastitis due to 
these organisms. J.W.W. 


60. Outbreak of Staphylococcus Milk Poisoning in Pasteurized Milk. 
Joun F. Hackier, Payne County Health Unit, Stillwater, Okla. 
Am. J. Pub. Health, 29; 11, 1247, 1939. 


Epidemiological investigation revealed that all of the 29 cases had drunk 
varying amounts of milk produced by one local pasteurizing plant. ‘* Poten- 
tially toxie staphylococci’’ were isolated from samples of milk causing ill- 
ness and upon which the phosphatase test revealed adequate pasteurization. 
The author concludes, therefore, that contamination occurred after pasteur- 
ization and presumably during the processes of bottling and capping, which 
were done by hand. M.W.Y. 


61. Tuberculous Infection Due to Milk. ANonymovus. Am. J. Pub. 
Health, 29: 10, 1154, 1939. 


This editorial is based on an outbreak of an acute epidemic of tubercu- 
losis in Horred, Sweden, which was traced to a single cow with tuberculosis 
of the udder. The herd was under a state organization whose object was 
the prevention of tuberculosis in cattle in an infectious form and the herd 
had regularly received veterinary inspection. It is clear that clinical ex- 
amination of cattle to detect tuberculosis is not to be wholly depended upon 
and the necessity of pasteurization has been shown in a striking manner. 


M.W.Y. 


62. A Practical Method of Herd Management to Combat Mastitis. G. E. 
Dix. Can. Dairy and Ice Cream J., 18: 7, 57, 1939. 


This article describes the methods used on a grade A milk farm in elim- 
inating mastitis from the herd. The predisposing causes of mastitis are 
listed as (1) chilling of the udder, (2) injuries to the udder, and (3) injee- 
tions of the udder. The importance of a carefully controlled routine in 
milking is emphasized and specific procedures are given. O.F.G. 


63. Chronic Mastitis of the Dairy Cow. E. G. Hastinas, et al., Committee 
on Bacteriological Problems. Assoc. Bull., Intern. Assoc. of Milk 
Dealers, 31st vear: 14, 1-27, 1939. 


This bulletin is a revision of a similar report published in 1936. Its pur- 
pose is to present such a summary of the present knowledge of this subject 
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as will help the milk dealer in his relations with producers and consumers 
of milk and with regulatory agencies to meet the various problems which 
mastitis presents. After a general statement with respect to the importance 
of mastitis the causes, incidence and effect of mastitis on milk production 
are discussed. The decrease in sugar, casein, soluble calcium and acidity 
are noted as well as the increase in the chloride content. In the fluid milk 
industry mastitis has an aesthetic significance which should not be lost sight 
of. In the cheese industry there is abnormal action toward rennet. Mas- 
titis milk does not ordinarily constitute a serious health hazard. Standards 
by which the degree of severity of involvement may be judged are discussed, 
also the spread and diagnosis of the disease. An evaluation is made of the 
results of physical examination of the udder, strip cup, acidity tests, white 
blood cell counts and chloride tests as means of diagnosis. Methods for de- 
tection of streptococci are outlined. With respect to herd management some 
suggestions are given with the concluding advice that the herd owner will be 
wise to confine his efforts in combatting the disease to those procedures of 
herd management which are less expensive than medication or vaccination 
and probably more effective. E.F.G. 


FOOD VALUE OF DAIRY PRODUCTS 


64. Comparative Digestibility of Soft Curd Milks in Vitro. F. J. Doan 
anp ©. C. Fuora. Penn. Agr. Exp. Sta., Techn. Bull. 380, April, 
1939. 


The study was carried out primarily in an effort to obtain definite in- 
formation relative to the accuracy of curd tension measurement as an index 
of the digestibility qualities of various types of soft curd milk. The study 
is important insofar as it deals with the altering of the coagulation process 
of cow’s milk to obtain characteristics more nearly approaching those of 
breast milk. 

The in-vitro method was compared with the in-vivo method in order to 
eliminate error as much as possible. 

The results of this study were substantiated by rat feeding trials fol- 
lowed by post mortem examination of the digestive tracts. 

It is concluded that digestibility of natural milk or pasteurized milk 
appears to be roughly in inverse proportion to curd tension. 

Homogenization of milk lowers curd tension considerably but appar- 
ently improves digestibility very slightly, if at all. 

The digestion qualities of trypsin treated milk appear to be somewhat 
better than would be anticipated from the curd tension value and the same 
statement may be made for citric acid treated milk where the acidification 
is not carried to the isoelectric range. 

Heated milks are acted upon by trypsin at a more rapid rate than 
unheated milks. 
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Curd particle size apparently would be a more accurate index of the 
digestibility of milk and its suitability for use by infants than is curd 
tension. F.J.D. 


65. Importance of Milk to Human Nutrition. Marm C. Harrinerton, 
Dairy Council of St. Louis. Milk Dealer, 29; 1, 50-56, 1939. 


The author shows the importance of milk to human nutrition in that it 
supplies protein, energy, vitamins A, B, C, D, and G, minerals, calcium and 
phosphorus. C.J.B. 


ICK CREAM 


66. Outline of Activities for the Year 1939. Ropert C. Hippen. Int. Assn. 
of Ice Cream Mfrs., Washington, D. C., November, 1939. 


This bulletin contains a resume of the activities of the International 
Association of [ee Cream Manufacturers for the past year. The work of the 
association largely centered around three subjects, namely: Government 
regulation (Federal and State) ; Inter-industry relations; and Association 
activities. 

The association has actively worked for the industry to see that the Fed- 
eral Food and Drug Act is acceptable to ice cream manufacturers. Other 
proposed acts or revisions of existing laws which might affect the industry 
have been closely followed. 

Another phase of activity has been the dissemination of correct industry 
information to other industries, associations, and to the consumer. 

The statistical and accounting bureau has studied taxation, accounting, 
has made expense comparisons, statistical surveys and has reported on 
trends in ice cream sales. 

This bulletin also contains a report of the year’s activities of the Ice 
Cream Merchandising Institute. M.J.M. 


67. A Discussion of Chocolate Flavorings for Ice Cream. G. R. A. May- 
BEE. Can. Dairy and Ice Cream J., 18: 7, 49. 1939. 


The salt balance of the mix is affected by the type of cocoa used and since 
Dutch processed cocoas contain carbonates, the addition of these negative 
ions in the cocoa works in the direction of better whipping ability for the 
mix. If an untreated cocoa is to be used the pH must not be so low as to 
cause fat clumping or coagulation of protein ; therefore, it should be above 
6.0. If a treated cocoa is used, it should not have been overneutralized with 
alkali and the pH should not be above 7.0. Cocoa with a high fat content 
tends to impede overrun. The finer the cocoa is ground the deeper will be 
the color of the mix and the stronger will be the flavor. O.F.G. 
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MILK 


68. Competition between Fresh Milk and Canned Milk. LeLanp Spen- 
cer, Cornell University, Ithaca, N. Y. Assoc. Bull., Intern. Assoe. 
Milk Dealers, 32nd year, No. 3, 61-80, 1939. 


In 1921 canned milk comprised 5 per cent of the milk consumed while 
by 1938 the proportion had increased to almost 9 per cent. Of all sections 
of the United States the largest per capita consumption of canned milk oc- 
eurred in cities of the Rocky Mountain section and the smallest amount in 
the New England and North Central states. Of the total milk consumed by 
Negroes 19.1 per cent was canned milk, while Italian and Jewish peoples 
used 3.9 per cent and 4.3 per cent respectively in this form. The proportion 
of families using canned milk was much smaller in the groups where the 
incomes were large enough to permit considerable freedom of choice in mak- 
ing up the menu. The conclusion is reached that canned milk does tend to 
take the place of fresh milk and cream to a certain extent, but the 
families who use canned milk also consume a larger total of milk equivalent 
than they would if they were unable to buy canned milk at comparatively 
low prices. A remarkably large proportion of people use evaporated milk 
because of convenience or because they ‘‘like it better.’’ Up to about 1922 
a one pound ean of evaporated milk retailed for nearly as much as a quart 
of fresh milk. In the past five years the retail price of fresh milk has aver- 
aged 14 per cent lower than during the 1925-29 period, but evaporated milk 
has been reduced 29 per cent during the same period. The extra price 
charged for fresh over evaporated milk has been split almost equally be- 
tween payments to producer and dealers spread. High costs of labor for 
fresh milk distribution suggests urgent need for economy measures. Al- 
though it seems at times as if fluid milk prices have been at too high a pre- 
mium over condensery milk, still it is not precisely known what is the excess 
cost of producing fluid milk. A constructive move is the present one to 
relate fluid milk prices more closely to those of the condensery and butter 
market. This article contains numerous tables, graphs and other factual 
material. E.F.G. 


69. Symposium—Effecting Economies in Plant Operations—Equipment. 
Geo. W. Witson, Kristoferson’s Dairy, Seattle, Washington. 
Assoc. Bull., Intern. Assoc. Milk Dealers, 32nd year, No. 2, 45-50, 
1939. 


Successful experience is reported with V-belts on a vat, soaker washer, 
can and case washers, ammonia compressors and can conveyor. Three hun- 
dred pound type valves with long tapered hard metal seat and cone have 
saved greatly on hose lines, vat sterilizer and heating lines because of more 
positive action and longer life. A red hose has shown longer life than the 
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white hose. A fan operated evaporative condenser has reduced water use 
and the temperature of the ammonia going into receivers by 15 degrees. A 
well furnishing 50° F. water in place of the 70° F. water from city mains 
has fully paid for itself in six years. Many advantages are listed for no-roll 
churns. For washing powder a small scoop in the barrel replaces the large 
one. Special lubricants are used on places subjected to moisture and on 
conveyors. Straight line flow of products through the plant is recommended. 


E.F.G. 


70. Refrigeration as Used with Pasteurization. Gro. F. Poprensirx, 
Borden’s Farm Products, New York City. Assoc. Bull., Intern. 
Assoe. Milk Dealers, 32nd year, No. 2, 51-53, 1939. 


A practical discussion of the merits of sweet water, brine and direct ex- 
pansion is presented. Sweet water has the advantages of being fool-proof 
and of little danger of contaminating the product, but lacks somewhat in 
flexibility in a large plant. Brine is flexible and does not corrode equipment 
if acid is checked once each month and the brine acidity or alkalinity ad- 
justed to neutrality. Brine is best for plate type coolers. Two brine pumps 
are recommended ; the second circulating 28° F. brine from the main circuit, 
passing it through the plates and back to the main cireuit which might be at 
25° F. In direct expansion systems a balanced load must be maintained if 
advantage is to be taken of potential savings in power costs. E.F.G. 


71. Municipal Milk Plant of Wellington, New Zealand. R. B. Srourz, 
Ohio State University, Columbus, Ohio. Assoe. Bull., Intern. 
Assoc. Milk Dealers, 31st vear, No. 12, 295, 1939. 


The reasons for the establishment of a municipal milk plant in Welling- 
ton, New Zealand, were a poor milk supply and the unwillingness of dealers 
to pasteurize. The quality of milk distributed by the plant was superior to 
most of the milk sold in New Zealand. It is a very modern and up-to-date 
plant and is better than the average in the United States. Many details 
with respect to procurement, processing, quality, delivery and costs are 
included in the diseussion. E.F.G. 


72. Feed Flavors and Practical Means of Controlling Them in Dairy 
Products. C. E. Wy anp Tuos. B. Harrison, Dairy Depart- 
ment, University of Tennessee, Knoxville, Tenn. Milk Dealer, 29: 


1, 132-134, 1939. 
A brief discussion is given of some means of preventing feed flavors in 


milk. C.J.B. 


73. Demand Growing for Milk Bottle Closures of Cover Cap Type. 
Anonymous. Milk Dealer, 29: 1, 82, 1939. 
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Increased demand for milk-bottle closures of cover cap type is shown by 
a list of municipalities that have passed ordinances governing the bottling 
and capping of milk with sanitary closures. C.J.B. 


74. Similarity of the Oxidized Flavor from Three Sources. D. H. NEL- 
son AND C. D. Dane, Dairy Department, Pennsylvania State Col- 
lege. Milk Dealer, 29: 1, 62-66, 1939. 


Following a brief review of the literature on oxidized flavor, the authors 
present data showing that spontaneous and copper-induced flavors are 
identical. C.J.B. 


75. Bacteriological Control for Market Milk Plants. R. G. Suira. Can. 
Dairy and Ice Cream J., 18: 7, 38, 1939. 


The importance of competent laboratory service for the dairy operator 
is stressed if the dairyman wishes to be positive that he is supplying con- 
sumers with a safe and uniform product. The proper bacteriological meth- 
ods to be used at the farm, in the dairy and in the laboratory are discussed. 
Proper administration of bacteriological control of milk tends to create a 
friendly spirit of cooperation between producer and processor. O.F.G. 


76. Some Factors Affecting Milk and Cream Sales. W.H. E. Rem. Can. 
Dairy and Ice Cream J., 18: 7, 23, 1939. 


Homogenization changes the physical properties of milk and if carried 
out on unheated milk greatly accelerates the development of rancidity. The 
process retards the development of oxidized flavor but increases the suscepti- 
bility of milk toward sunlight flavor. Pasteurization of milk at increased 
temperatures decreases the length of the cream column (at 145° F. there was 
a decrease of 10.11 per cent). Undesirable flavors may be intensified by 
freezing of the milk and change in physical properties results. Agitation of 
cooled milk is likely to cause a decrease in creaming ability. If too complete 
creaming occurs a bluish appearance shows beneath the cream line. A high 
acidity, a high calcium and magnesium content, a low citrate and phosphate 
content, slow and complete freezing, slow thawing and partial churning are 
given as the causes of flakiness in market milk. The mottled appearance of 
the cream layer in bottled milk is not abnormal. O.F.G. 


77. The General Economic Situation as Related to the Dairy Industry. 
LELAND SPENCER, Cornell Univ., Ithaca, N. Y. Assoe. Bull., Intern. 
Assoc. Milk Dealers, 31st year: 10, 243, 1939. 


The close relation of milk sales to business activity is shown. The widen- 
ing spread between prices of fluid and manufacturing milk is noted and 
parallels drawn with other industries. The fact that retail prices and 
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dealers spread do not follow closely the variations in farm prices is ex- 
plained by the fact that the dealer has better control of prices and that 
retail prices include a greater proportion of inflexible costs. Milk dealer 
profits fluctuate less from year to year than those of other industries but 
probably average about the same over longer periods. Many economic diffi- 
culties may be traced to inflation and deflation caused by wars and the milk 
dealer shares the ill effects with all business. E.F.G. 


78. Producer-Distributor Problems. Louis J. Taser, The Nat’! Grange, 
Columbus, Ohio. Assoe. Bull., Intern. Assoc. Milk Dealers, 31st 
year: 12, 310, 1939. 


This is a challenge to the dairy industry to find a way whereby the pro- 
ducer, distributor and consumer can sit around the table and by common 
sense American methods adjust their problems and when this is done the 
consumption of milk will be increased so tremendously that present prob- 
lems will largely fade away and health, stamina and character will be 
immeasurably improved. E.F.G. 


79. New Developments in Milk Bottles. J. F. Watson, Borden Farm 
Products, New York City. Assoe. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 12, 303, 1939. 


The industry’s annual bill for milk bottle replacements runs about $14,- 
000,000. In 1936, following a study by the Borden Company, the 22 oz. qt. 
bottle gradually came into use effecting an annual saving to the industry of 
three-quarters of a million dollars. This has also made possible lighter 
crates. If further reductions in the weight of the bottle are made it proba- 
bly will be necessary to make a squat type bottle to attain strength. A 
square bottle has been used for orangeade and effected a 20 to 30 per cent 
saving in space, but is not as strong as the round bottle and more research 
work will need to be done before it will be a satisfactory milk container. A 
colored moving picture showed different types of bottles and closures and 
the handling of bottles in this country and in Europe. E.F.G. 


80. Demonstration of Proper Assembly of Fittings and Fabrication of 
Milk Lines. E. N. Muzzy, Carnation Co., Seattle, Wash. Assoc. 
Bull., Intern. Assoe. Milk Dealers, 31st vear: 13, 321, 1939. 


An illustration shows the correct way to connect sanitary piping in vari- 
ous situations. This was an excellent demonstration with actual fittings. 
The demonstration was followed by extended discussion by W. D. Tiedeman 
and Geo. W. Putman. E.F.G. 


81. Short Time Pasteurization—A Sanitarian’s View. Pau. F. Kruszcer, 
Board of Health, Chicago, Tl. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 13, 334, 1939. 
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After extensive tests of four commercial installations in which some 
design changes were incorporated it was found that proper pasteurization 
temperatures could be maintained and proper holding times assured by the 
use of the high temperature short time equipment tested with the same de- 
gree of accuracy and safety as is possible with existing long time low tem- 
perature equipment. The temperature of 161° F. for 16 seconds had about 
the same effect on the cream line as 144° F. for 30 minutes. Plant opera- 
tors have claimed that it is impossible for anyone to make a flavor distinc- 
tion between Grade A raw and Grade A pasteurized when a high tempera- 
ture short time system is used. From a bacteriological standpoint there is 
no inerease in thermophyles in the pasteurized milk as compared with ithe 
raw milk. High counts were found to come from milk from farms, 90 to 
95 per cent of which used milking machines. Lye treatment of milking 
machine tubes usually remedied the trouble caused by thermoduric organ- 
isms. 

Pasteurizing milk at a temperature of 161° F. for 16 seconds in suitable 
apparatus equipped with proper controls may be considered as equally 
efficient as 144° F. for 30 minutes under similar conditions. E.F.G. 


82. State Sanitary Control—Minimum and Maximum Requirements. 
CHARLES McDona.p, Akron Health Dept., Akron, Ohio. Assoe. 
Bull., Intern. Assoe. Milk Dealers, 31st year: 13, 340, 1939. 


Minimum regulations to be enacted by the state and maximum regula- 
tions passed and enforced by local health departments are given. Maximum 
regulations should be uniform without duplication of inspection service. 
Trained sanitarians should be employed in all sanitary milk control divi- 
sions, both state and municipal. E.F.G. 


83. Short Time High Temperature Pasteurization—A Milk Dealer’s 
View. W. D. Dorrerer, Bowman Dairy Co., Chicago, Ill. Assoc. 
Bull., Intern. Assoc. Milk Dealers, 31st year: 13, 332, 1939. 


This method will accomplish essentially the same result as 30 minute 
holding pasteurization. Bacterial counts are perhaps slightly higher with 
short time pasteurization, although since a centrifugal clarifier has replaced 
the filter, plate counts have not been significantly different. A large number 
of phosphatase tests have never given any indication of improper pasteuri- 
zation by the short time method as used in the plant under observation. 
Some of the advantages of short time pasteurization are less floor space 
required, less time for cleaning, lower initial cost, less time from start of 
pasteurization till milk is ready to bottle, less milk left in equipment to be 
over pasteurized in case of a shut down and less time between the end of the 
pasteurizing runs and the finish of bottling. The principal disadvantage is 
probably the narrower margin of safety between thermal death point of 
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pathogenic bacteria and the point at which the creaming of the milk is 
injured. Good controls eliminate this objection. E.F.G. 


84. Information Obtained by the Microscopic Examination of Raw Milk 
Not Shown by the Methylene Blue Test or the Standard Plate 
Count. W. K. Fox anp G. J. Turney, Lansing Dept. of Health, 
anpD C. 8. Bryan, Mich. Agr. Exp. Sta. Milk Dealer, 28: 12, 42-48, 
1939. 


Data are presented showing the comparison of the standard plate and 
the microscopic clump count on various classes of milk as determined by the 
methylene blue test. The authors conclude that the microscopic clump 
count and standard plate count compare very favorably when used on pro- 
ducer samples of raw milk to determine the bacterial content of such milk. 

The microscopic method presents not only a method of counting, but also 
a means of determining the causes of poor quality in high count milk. 
The morphological types of bacteria present indicate the probable source of 
excess contamination in the system of milk production. This definite infor- 
mation can be obtained easily, quickly, and accurately through the micro- 
scope examination, thus facilitating more effective field work in a quality 
control program. 

The amount of visible dirt in milk as shown by sediment tests has very 
little bearing upon the bacteria count of the milk. C.J.B. 


85. Milk Delivery Costs. ANonymous. Milk Dealer, 28: 12, 38, 62-68, 
1939. 


A study on milk distribution in Maine markets showed that delivery 
cost on routes where horses were used was about the same as that on routes 
of similar length where automobiles or motor trucks were operated. The 
daily delivery cost per roate was $1.30 for the 11 routes using one horse 
and $1.36 for the 118 routes, less than 15 miles long, that used a motor 
vehicle. The volume delivered per route was slightly less on the routes 
using horses, resulting in a cost of $1.57 per 100 quarts of retail milk equiva- 
lent, as compared with $1.34 for routes using motor vehicles. The delivery 
cost per mile was similar for each group, averaging nearly 15 cents per mile 
with horses and 14 cents per mile with automobiles or motor trucks. 

C.J.B. 


86. The Missing Factor in Chocolate Milk Sales. A. P. Peyraup. Milk 
Dealer, 28: 12, 34, 72-73, 1939. 


It is pointed out that the missing factor in chocolate milk sales is the 
habit of use and enjoyment of this product. To supply this missing factor 
the author suggests that in advertising chocolate milk the ‘‘milk’’ element 
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of the product should be so lightly touched upon as to be negligible, and the 
**chocolate’’ element should be handled with delicate restraint. The bever- 
age element, the drink idea, however, must be loudly, widely, and strikingly 
proclaimed. C.J.B. 


87. Refrigeration for the Milk Industry. Rates Corp, Pevely Dairy Co., 
St. Louis, Mo. Milk Dealer, 28: 12, 32-33, 85-88, 1939. 


A complete discussion of refrigeration for the milk industry from farm 
to plant. Different refrigerants, operating costs, oil for compressors, as well 
as types of coolers and refrigeration plants, are discussed. The author 
stresses the importance of getting the proper equipment in the proper place. 

C.J.B. 


88. Is There a Milk Monopoly. THropore G. Montacue, The Borden Co., 
N. Y. C. Milk Dealer, 28: 9, 94-97, June; 28: 10, 46-50, July; 
28: 11, 72-75, August ; 28: 12, 78-84, Sept., 1939. 


A portion of a statement presented by Mr. Montague to the Temporary 
National Economie Committee, constituted pursuant to Joint Resolution of 
Congress. The author summarizes the points he has made as follows: 

**The plain facts are that The Borden Co., handling less than five per 
cent of the nation’s milk supply, with its sales and profits decreasing and its 
competitors increasing in numbers, is not a monopoly. Moreover, there is 
no monopoly of distribution in the milk industry. High prices for milk 
result from monopolistic practices on the part of some government protected 
producer’s associations and labor unions without forward looking leader- 
ship. 

The plain facts are that the reduction in farm prices for mjlk in the 
early years of the depression was due to declining national market prices, 
and that retail prices were reduced as much as or more than farm prices— 
even more than the slight and temporary reduction in wages, the other big 
cost factor, warranted. 

The plain facts are that the classified method of milk purchasing was 
established by the producers for the purpose of returning to themselves a 
higher price for milk sold as fluid milk. It was not designed to and does 
not now give our company an advantage in purchasing. Through abuses of 
this classified buying plan, however, farm cooperatives and governmental 
price-fixing have established artificially high prices for milk, thereby increas- 
ing production and discouraging consumption. 

The plain facts are that consumers have a free choice as to whether they 
will purchase their milk from stores or have it delivered to their homes and, 
as a matter of fact, store sales have materially increased during recent 
years; and that the labor unions are the ones chiefly concerned over this 
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trend to store sales, because of the fact that deliveries to stores require 
fewer milk wagon drivers. 

In my opinion conditions in the milk industry would be substantially 
improved if steps were taken to do the following: 

First: Establish and maintain a sound relationship between the price 
paid the farmer for milk which is used for fluid consumption and the price 
paid for milk used in manufacturing. It is the latter price which establishes 
the fundamental value of all milk. The Borden Company believes in proper 
cooperative activities on the part of producers. It must be borne in mind, 
however, that the abuse of the power of collective bargaining by certain 
cooperatives, which are government protected* monopolies, has resulted in 
arbitrarily high prices to a limited group of producers. These, in turn, have 
produced large surpluses to compete with the products of many thousands 
of farmers who have no opportunity to share in the high fluid milk markets. 
These practices have also resuited in high fluid milk prices to consumers. 

Second: Reduce excessive wage costs. The Borden Company believes 
thoroughly in the right of labor to bargain collectively and in the payment 
of high wages in return for full measure of services. It should likewise be 
borne in mind, however, that the abuse of the power of collective bargaining 
by certain labor unions, which too are government protected monopolies, has 
also resulted in artificially high prices for fluid milk to the consumer. 

If these two basic abuses by organized producers and organized labor are 
eliminated the following results may be expected as a matter of course : 

A. The retail price of milk will find its natural lower level. 

B. Employment will be stabilized throughout the industry and at good 
wages. 

C. The farmer will receive a sound price for his milk for fluid use, and 
production and consumption will be more nearly in balance. 

D. The burden of carrying the surplus will no longer be such an onerous 
one, and all producers and all distributors will be more nearly on an equal 
basis. 

E. There will be no possible justification for governmental price fixing. 

Even if for some social reason governmental price-fixing is to be con- 
tinued in some form, it is imperative that there be a sound relationship be- 
tween the price to farmers for fluid milk and the price of milk used in manu- 
faetured milk products. The present large differential cannot continue to 
exist. 

For reasons founded in its own self-interest The Borden Company can- 
not forget that the consumer comes first. The very nature of the business, 
the comparative ease with which new competitors find a place in it through 
price cutting if profits are high, make low prices as necessary to the estab- 
lished dealers as they are desirable to consumers. Thus a distributor either 


* Government protected because of exemptions in the anti-trust laws. 
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stands or falls by his success or failure in keeping his price policies in line 
with competitive conditions. 

The principle of governmental price control and the abuse of raw milk 
and labor costs by farm cooperative associations and labor unions fail to 
recognize these inescapable facts. As a business man attempting to sell more 
goods to more people, I would be concerned for the future of my company 
and its ability to operate in the public interest if I felt that this committee 
were to overlook these fundamental truths.’’ C.J.B. 


MISCELLANEOUS 


89. Water Conditioning in Milk Plants. G. A. Ricnarpson, University 
of California, Davis, Calif. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 32nd year, No. 2, 54-58, 1939. 


Six ways are listed by which water may be softened or the calcium and 
magnesium rendered unavailable for the formation of insoluble soaps. These 
are, distillation, heating raw water, lime treatment, lime-soda hot or cold, 
base exchange and addition of common alkalies. The complexity of boiler 
water treatment is pointed out. The modern method with condenser waters 
is to add a chemical to keep the calcium salts in solution rather than to pre- 
cipitate them out. 

Seale and milk stone are definitely attributed to water and alkaline de- 
tergents. In vats milk stone can be prevented by using soft water or zeolite 
softened water or by the use of one of the newer molecularly dehydrated 
phosphates which inelude sodium salts of phosphates referred to as pyro- 
phosphate, metaphosphate and tetra-phosphate. These form a complex 
with calcium or magnesium which does not form insoluble soaps and imparts 
improved rinsing properties. All three of the above have been used with 
success with alkalies in sufficient concentration to soften the water with 
some to spare. Each operator has a right to demand one of these chemicals 
as an ingredient of specific proprietary compounds because of their efficiency 
in preventing scale and milk stone. E.F.G. 


90. The Approach to and Results of 1939 Legislation. W. A. Wenr- 
worTH, Dairy Industry Committee, New York City. Assoc. Bull., 
Intern. Assoc. Milk Dealers, 32nd year, No. 3, 81-94, 1939. 


Perhaps the outstanding feature of the past year was the fact that the 
U. S. Supreme Court sustained the constitutionality and legality of A.A.A. 
eontrol of prices and pooling operations in the Boston and New York mar- 
kets. Figures are given tending to show that the producer does not receive 
the added price which the consumer pays in market under price control. 
An increase in manufactured products in the New England and North 
Atlantic states where A.A.A. and the states have controlled milk prices and 
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in the South under cotton restriction is noted. The investigations of the 
Temporary National Economie Committee has brought out considerable 
testimony with reference to monopolistic activities in the milk industry. At 
the present time about one-fourth of the blue (surplus) stamps issued by 
the Federal Surplus Commodities Corporation is used for butter. Fluid 
milk is sold to relief families through a special class at a lower price instead 
of through blue stamps. Other legislation affecting the dairy industry is 
diseussed, including the wage and hour law, food and drug act, anti-trust 
laws and reciprocal trade agreements. Current and prospective national 
and state legislation on numerous issues is touched upon, E.F.G. 


91. Sanitary Floors for Dairy and Food Plants. ©. A. SHILLINGLAW. 
J. F. Hate, anp J. M. Smarr. Can. Dairy and Ice Cream J., 18: 
7, 30, 1939. 


Suitable types of floors for bottling and food processing plants should 
have the following characteristics: (1) a continuous smooth surface, (2) 
imperviousness to water or other materials used in plant, (3) ready ease of 
cleaning, and (4) ability to withstand loads and traffic. Wood floors are 
inexpensive but because they do not withstand continuous wetting they are 
best adapted to storage processing spaces which are reasonably dry. The 
success of a concrete floor is intimately connected with the method of laying 
and particularly the finishing of the surface. The wear and imperviousness 
of brick and tile floors is dependent upon the type of material and particu- 
larly upon the type of bonding material. Asphalt, mastie or patented sur- 
facings make highly impervious smooth surfaces. Pitch of the floor and size 
of trap are important for good drainage. Proper use of cleaning agents is 
important if long use of floors is expected. Elimination of ‘‘slipping’’ 
hazards is important in order to avoid injury. O.F.G. 


92. 1938—Another Legislative Year. W. A. WentTWortn, Secretary, 
Dairy Industry Committee, New York City. Assoc. Bull., Intern. 
Assoe. Milk Dealers, 31st year: 10, 243, March, 1939. 


A brief survey is made of federal and state legislature and administra- 
tive activities during the past five years. It is stated that the Agricultural 
Adjustment Administration has probably produced the greatest effect upon 
the milk industry. The use of milk and cream in terms of milk in New York 
City decreased 169 million pounds from 1929 to 1937 while production in 
five states, largely supplying this market, increased 419 million pounds. 
Butter production increased 33 per cent while evaporated milk increased 
46 per cent and skim milk powder increased 75 per cent. The extent of 
dairy products purchasing by the A.A.A. is noted and especially the in- 
auguration of purchase of fresh milk. The number of markets operating 
under an order of A.A.A. decreased to 22. The maximum was 49 in Decem- 
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ber, 1934. The probable effects of the Federal Trade Commission milk 
investigation, Fair Labor Standards Act, Social Security Law, ete., are 
noted. It is noted that under reciprocal trade agreements imports of dairy 
products have increased and exports decreased. The present status of state 
and federal filled milk legislation is analyzed. E.F.G. 


93. Reducing Costs of Motor Vehicles. GLEN W. JonNnson, Bowman 
Dairy Co., Chicago, Ill. Assoe. Bull., Intern. Assoc. Milk Dealers, 
31st year: 13, 328, 1939. 


Inspection and service routine is specified for short and long haul trucks. 
Diesels are recommended for long hauls beeause of economy and ease of 
handling. E.F.G. 


94. Dairy Waste Elimination and Sewage Disposal. H. A. TREBLER, 
Sealtest, Inc., Baltimore, Md. Assoe. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 16, 5—12, 1939. 


Five types of liquid wastes are described, each of which may need to be 
handled separately from the standpoint of economy. Nine methods of dis- 
posing of spoiled or excess dairy products are outlined. In the case of 
rinsings and drippings it is suggested that these be saved for manufacturing 
purposes whenever possible or at least utilized for animal feed. It is sug- 
gested that only as a last resort should a real waste disposal plant be con- 
structed. Experimental work with tin can trickle filters indicates good effi- 
ciency. The author states that the activated sludge process gives good re- 
sults at reasonable cost. The tin ean trickler system is, however, cheaper to 
construct and to operate. E.F.G. 


95. Social Security. J. S. Semman, N. Y. Chapter, Nat’! Assoc. of Cost 
Accountants. Milk Dealer, 28: 12, 94, 1939. 


A brief discussion of social security taxes from the standpoint of bonus 
payments, expenses incurred by employees and charges for ‘‘shortages’’ 
and credits for ‘‘overages.”’ C.J.B. 
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Secretary-Treasurer uuu. D, GRINNELLS, Raleigh, North Carolina 

Eastern 
Chairman CAMPBELL, Burlington, Vermont 
Vice-Chairman ........ sstmmnnamall', J. DOAN, State College, Pa. 
Secretary-Treasurer oa H. C. Moore, Durham, N. H. 

Western 
Chairman. ....... mule H, LOUGHARY, Boise, Idaho 
Vice-Chairman cummununnnmte A, RICHARDSON, Davis, California 
Secretary uns O, TRETSVEN, Bozeman, Montana 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 


Membership. Any person is eligible to membership who is formally announced by 
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of 
the United States Department of Agriculture or by the Canadian Department of Agri- 
culture as an instructor, extension worker, investigator, or administrative officer connected 
with the dairy industry, or any person filling a position of responsibility connected with 
the dairy industry who has had a college or university training in technical science, or 
any person filling a responsible position in the dairy industry of a professional character 
requiring a technical knowledge of dairying of a high order. The membership fee is $5.00. 


The dues are $5.00 a year. Correspondence regarding membership and dues should 
be addressed to R. B. Stoltz, Ohio State University, Columbus, Ohio. 
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to Attend the 
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MANTON- 


TWO STAGE 


HOMOGENIZER 


The GAULIN HOMOGENIZER has the approval of leading health officials of the 
United States and is acceptable under Standard Ordinance provision of the U. S. 
Government. It can be completely disassembled, cleaned, sterilized, and reas- 
sembled ready for operation within 30 minutes by a competent operator. 

No dead end passages—all inside surfaces highly finished. Write for bulletin 30-B. 
No obligations. A new bulletin on Homogenized Milk is now available for distri- 
bution. The Two-Stage Valve is standard equipment. 


The Manton-Gaulin Manufacturing Co. 
7 Chariton Street U.S. A. EVERETT, MASS. 


JALCO sBascock TESTERS 
HAND and ELECTRIC COMBINATION 


Espectatty designed for experimental, herd 
testing work and cream stations where the current 
is unreliable. It is light in weight, easy to trans- 
port and can be changed instantly from hand to 
electric operation. It is made from heavy cast 
aluminum throughout and uses the regular JALCO 
induction type motor. 


TESTERS *25-°° AND UP 
WRITE FOR CATALOG 


JALCO MOTOR COMPANY 4 to 36 bottle 


UNION CITY, INDIANA TESTERS 


HEALTH 


The National Dairy Council is the educational and sales promotional organi- 
zation of the dairy industry. The Council operates nationally through its cen- 
tral office in Chicago and locally through its more than thirty unit Councils in all 
parts of the United States. 


The National Dairy Council program reaches every member of the family 
through the chief opinion-forming groups in all professional and educational 
fields. Such key groups as physicians, dentists, teachers, nurses, nutritionists, 
writers and public health workers are kept informed constantly of the dietary 
importance of all dairy products. 


111 North Canal Street, Chicago, IIl. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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tion. 


gation. 


FLAV-0- LAC 
FLAKES 


THE CULTURE 


of Infinitely Better 
Flavor and Aroma 
Producing Qualities. 


The Standard with 
Foremost Operators, 
Agricultural Schools 

& Colleges. 


FLAV-0-LAC FLAKES produce a quart 
of the finest starter on a single propaga- 
Single bottles 
Special FLAV-O0-LAC FLAKES “40” pro- 
duce 40 quarts of starter on single propa- 


$2.00. 


Single bottle 


basis. 


ucts. 


Our cultures are safely shipped to all parts 
of the world on a guaranteed, money-back 


the use of cultures in fermented milk prod- 


Send for free informative booklet on 


It covers 25 years of research. 


THE DAIRY LABORATORIES 


Dept. J-10, PHILADELPHIA, PA. 


New York 


CH 


See our Catalog in Dairy Industries Catalog 
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BRAN ES 
Baltimore Washington fo 


SCIENCE 


MARSCHALL 


RENNET and COLOR 


for cheese manufacture 


are uniformly strong and pure, hence 
always dependable. Up-to-date meth- 
ods and exact control of production 
insure the quality of Marschall’s. 


Liberal samples of Marschall 

preparations for class work or 

experiment may be had for the 
asking. 


Marschall Dairy Laboratory 


MADISON WISCONSIN 


U.S.A. 


THE COMPOUNDING OF 
FINE VANILLA FLAVORING 


IS AN 
ART 


The leadership of Mixe- 
van for quality is the 
result of over 30 years 
specialized experience. 
Its uniform character 
is achieved through ex- 
pert knowledge, indi- 
vidual selection of 
beans, extra develop- 
ment of the bouquet, 
intricate compounding 
and special grinding 
technique . . . It is the 
ultimate in fine flavor- 
ing for dairy products. 
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AMERICA'S Flavorite 


Your advertisement is being read in every State and in 25 Foreign Countries 


MICHAEL'S MIXEVAN 


MADE FROM BOURBON AND 
MEXICAN VANILLA BEAN, 
_VANILLIN AND SUGAR 


_— 
BLENDED AND processed 
A DELIGHTFUL MELLOW MILD FLAVOR 
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DAVID MICHAEL & CO: 
VANILLA F PRODUCTS 


FRONT AND MASTER STS 
PHILADELPHIA. 
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GLASS 


—the STURDIEST 


container for milk 


Glass—strong and 
sturdy—easily with- 
stands the wear of or- 
dinary household ¢ 

handling, return- 


ing for many trips. & 
Considering a// the é 


It’s CONVENIENT. 


reduces initial cost. 


. It’s CLEANEST. 


. It’s HONEST. 


GLASS IS BEST. “4 


Easy to handle—neck and 
head offer a firm grip—easy to re-seal. 


. It's ECONOMICAL. The many trips glass affords 


. It's ODORLESS. The hard vitreous surface cannot 
absorb odors, or impart taste. 


Thoroughly sterilized same as 
hospital bottles—tests prove glass cleanest. 


The wholesomeness, richness and 
quantity are quickly revealed to the customer. 


advantages, glass is cer- 
tainly the ideal container 
for milk and other dairy 
products. Owens- 
Illinois Glass Co., 
Dairy Container 


_ Division, Toledo,O. 


OWENS-ILLINOIS 


GLASS DAIRY CONTAINERS 
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Bacto-Tryptone Glucose Extract Agar 
for Plate Counts of Milk 


THE 1939 edition of “Standard Methods 
for the Examination of Dairy Products” of the 
American Public Health Association specifies the 
use of tryptone glucose extract milk agar for de- 
termination of the plate count of bacteria in milk. 
This medium replaces the nutrient agar previously 
employed for this purpose. 


—= eo 


BACTO-TRYPTONE GLUCOSE EXTRACT AGAR is prepared 
from approved and standardized ingredients in accordance with the speci- 
fications of the official formula. When it is made up for use it corresponds 
exactly with the standard medium except that it does not contain skim 
milk. When dilutions of milk greater than 1 to 10 are to be plated one 
per cent skim milk should be added to the medium. 


Bacto-Tryptone Glucose Extract Agar requires no filtration 
and has a reaction of pH 7.0 after autoclave sterilization. 
Colonies developing on plates of this medium are large and are 
representative of the bacterial flora of milk. 


BACTO-SKIM MILK is recommended for use with Bacto-Tryptone 


Glucose Extract Agar when dilutions of milk greater than 1 to 10 are 


plated. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 


Your advertisement is being read in every State and in %5 Foreign Countries 
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